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PREFACE

The work reported herein was conducted by the Arnold Engineering Development Center
(AEDC), Air Force Systems Command (AFSC), at the request of AEDC/DOFA, AEDC
Project Number CL63PW. The AEDC/DOFA project manager was Mr. James McComb.
The results were obtained by Calspan Corporation/AEDC Operations, operating contractor
for the aerospace flight dynamics testing effort at the AEDC, AFSC, Arnold Air Force Base,
TN. The work was conducted during the period June 1988 through May 1989, and the
manuscript was submitted for publication on August 3, 1989,
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1.0 INTRODUCTION

During the 1980’s Arnold Engineering Development Center (AEDC) personnel have
become more directly involved in the analysis of aecrodynamic data obtained in the Center’s
wind tunnels. As a result, a computer program has been developed for use in the analysis
of acrodynamic performance data. This program, referred to as the Aerodynamic Data
Analysis Program, is a collection of antomated techniques for performing operations that
are frequently required when using wind tunnel data, such as interpolation of pitch sweep
data to even increments of pitch angle, center-of-gravity transformations, changes in reference
length and area, and axis transformations. In addition to these data manipulation options,
there are options that perform analysis of the data to determine stability characteristics. For
example, options are included to determine static stability characteristics, control effectiveness
parameters, and trim aerodynamics.

The analysis program included a single-axis (longitudinal) trim option prior to the present
effort. However, a flight vehicle can experience significant vawing and rolling moments at
the longitudinal trim condition. To determine the control budget remaining for maneuvering
after trimming, a complete trim analysis of such a vehicle must include a three-axis trim study.
For this reason, the present effort was undertaken to add a three-axis trim capability to the
analysis program.

The appendixes of this report are provided to demonstrate the use of the three-axis trim
option for an example case. Appendix A includes a description of the information requested
by the prompting program. Plots of the original data and a listing of the prompting session
are included as Appendix B. The files created by the prompting program are listed in Appendix
C. A description and listing of the example case output are included as Appendix D.

2.0 AERODYNAMIC DATA ANALYSIS PROGRAM

The Aerodynamic Data Analysis Program was developed at the AEDC to automate several
operations that are frequently performed during the analysis of acrodynamic data for flight
vehicles. The automation of these operations enables the analysis engineer to provide support
to the test user/sponsor while the test is still in the wind tunnel. The on-line analysis support
can reduce the time and cost of defining the vehicle configuration required to achieve
aerodynamic performance goals. In post-test applications the program greatly reduces the
time required to define the boundaries of the flight envelope compared to manual calculations.

The specific data manipulation options incorporated into the program were established
by a survey of AEDC personnel who frequently analyze wind tunnel data. These data
manipulation options include variable bias corrections, independent variable interpolation
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and extrapolation, center-of-gravity transfer, axis transformation, reference dimension
changes, skin friction and base drag corrections, and variable sign change. Additional options
provided for analysis support include determination of stability and control effectiveness
characteristics and longitudinal trim. The operations available through the analysis program
are listed in Table 1. The data manipulation options are shown with a typical application.
The original analysis options are listed with the output generated by the option. The remainder
of this report documents the addition of the three-axis trim (eleventh) option.

3.0 THREE-AXIS TRIM OPTION

3.1 DATA REQUIREMENTS

The three-axis trim option requires data for pitching moment, rolling moment, and yawing
moment at various combinations of equivalent pitch, roll, and yaw control surface deflections.
As a minimum, sweeps of the independent variable (usually pitch angle) with a single nonzero
equivalent deflection per data run are required. Each deflection type (pitch, roll, and yaw)
must be selected for control deflection sweeps for a set of runs in the matrix. A data matrix
of this type is shown symbolically in Table 2 and is referred to hereafter as **Group A”’ data.
When Group A data are used, there is an implicit assumption that the effectiveness of each
equivalent deflection is independent of the value of the other two deflections. In general,
effectiveness of each deflection is not independent. In the case of a missile, for example,
a single control surface may be positioned near the stall angle as a result of pitch trim. Any
additional deflection of the same surface for roll or yaw trim could drive that surface beyond
the stall angle. In this example the initial value of pitch deflection reduced roll and yaw
effectiveness of that surface.

Some of the dependencies among the deflections can be taken into account if the additional
data shown in Table 3 are available (Group B data). The Group B data are independent variable
sweeps with pitch deflection and one other deflection being nonzero. The additional
information can be used to estimate the roll and yaw control effectiveness at nonzero pitch
deflection and the pitch control effectiveness at nonzero roll and yaw deflections. Still more
data would be required to evaluate the effect of roll deflection on yaw control and vice versa.
The present three-axis trim method assumes only Group A or Group A and Group B data
are available.

3.2 COMPUTATIONAL APPROACH

The goal of three-axis trim is to set control surface angles such that the three acrodynamic
moments about the vehicle center of gravity are simultaneously zero. Knowing the control
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deflections required for trim, the other aerodynamic coefficients at trim can then be
determined. The moment equations to be solved can be written as follows:

0 = Cpy + Moléqyim — S0P + Mp? (azptrim - 52P|) + Mg? (3 Ririm &gy)
Cy + LolBguim — da) + LeGryy, — Opy) + Lr Oy — 8my) 8))

0= C“l + NQ(thrim - BQI) + Np(aptrim - ﬁpl) + NR('SRtrim - SRI)

0

where Cy,;, Cy;, and C,; are moments resulting from the flight condition of the vehicle. My,
L,, and N, are control effectiveness derivatives of pitching, rolling, and yawing moments
with subscripts Q, P, and R indicating pitch, roll, and yaw deflection, respectively. The (8,
— &) terms represent differences between current and trim values of the deflections.

The control effectiveness terms are calculated as divided differences between input data
runs. For example,

Mg = (Cm; — Cp)/(3g, ~ 8gy)

The pitching-moment derivatives with respect to roll and yaw deflections are calculated
differently because of the even-function nature of the variation of pitching moment with
those deflections. (See Section 3.3 for more details on even- and odd-function moment
variations.) The moment difference is divided by the difference between the squares of the
deflection angles. Therefore,

Mp? = (Cmg - le}f'(azpz - 62Pl)
and

Mg? = (sz - le)f(azkg - 82&])

The special treatment of pitching-moment derivatives with roll and yaw deflection is a
carry-over from the control effectiveness option. Squaring the deflections causes a problem
in calculating trim values of roll and yaw deflections. When the control effectiveness matrix
is inverted and multiplied by the moment vector, the product of pitching moment and the
special derivatives results in a (5 — 3%ym) term instead of (6 — Byim)?. The program uses
the square root of (82 — 8%,y as though it were (5 — 8yjm)?. The approximation introduces
error unless the roll and yaw deflections at trim are zero.

The error introduced by approximating /(6 — Byim)® Wwith /82 — 8234y affects

intermediate values of the yaw and roll control deflections during the Newton iteration
described below. The equation for the yaw deflection increment used to update the deflection

angle is
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65, — &% br, — Om 6, — OR
2 1 2 1 2 1 p)
dp — g, =Al—————Cp+ —M——C, + ————C @
R Rerim dcmz ~ Cmy m an _ Cnl n Cl’z — CF] 4

where Cy,, C,, and C;are untrimmed moments at the previous deflection values. The error
is introduced through the first ierm on the right-hand side of Eq. (2). Therefore, the error
occurs only when cross coupling exists in the control effectiveness data (i.e., when Mg? and
Mp? are not zero), and the error diminishes as the untrimmed pitching moment approaches
zero. The untrimmed pitching moments, \/(8x — Sr,,;,)* and /3§ — Gﬁmm, are shown in
Table 4 for a typical iteration sequence. The calculated yaw and roll control deflections at
trim are not affected by the approximation.

The three moment equations are solved using Mewton’s method for nonlinear systems
of equations (Ref. 1). (Newton’s method was chosen because of its rapid convergence.)

Rewriting the moment equations [Eq. (1)] in matrix form and solving for the deflection
term gives

[Ty Cyy Coy]l  [Mo Mp? Mg2 = (3o — SouimMBe; — Spyim)(Br; — BRypi)]
1o Lr Le @)

At each iteration the moment vector and control effectiveness matrix is updated to the values
at the latest estimate of the trim deflection values. The update is based on linear interpolation
within the control deflection data supplied as input. The interpolation is required because
the estimate of trim deflections usually will not maich data deflection values.

Two interpolation procedures are required—one for Group A data only and one for Group
A and Group B data. The moment and control effectiveness updating procedure for Group
A data will be described first. At each iteration, approgimations (dq,, bp;, and dg)) to the
trim deflection angles are known. A typical case for which 8q, is bounded by Q; and Q;,
dp; is bounded by P; and P, and O, is bounded by R, and R; is illustrated in Fig. 1. The
objective is to find the best possible estimate of the moments and control effectiveness at
(9qp> Opps Or,)(point D of the figure). The estimate is made by first linearly interpolating all
three moments to 8qs Op(» and dg, on the respective axes. Then the moments at the origin
of the figure are subtracted from the values at 8p, and &g,. The two differences are then added
to the moments at (8g;, 0, 0) (point A) to give moments at point D. The control derivatives
are simply the divided differences obtained from the bounding deflection data on each axis.
Each pair of bounding deflections provides one column of the control effectiveness matrix.
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If Group B data are available, the effects of pitch deflection on roll and yaw control
effectiveness, and vice versa, can be included in the trim calculations. The current deflections
(6x)) and the Group B data bounding them are shown in Fig. 2. As before, the objective is
to obtain moments and control effectiveness estimates at point D. Each corner of the boxes
enclosing points B and C represents a combination of deflections (one data run) from the
Group B data. Point B indicates the combination of dq, and 3p, and point C represents the
combination of dq, and &g;. The moments at point B are calculated by interpolation to ¢y
on the P; and P, lines and then interpolating these results to dp;- The same process is applied
at point C. Moments at {3g, 0, 0) (point A) are obtained by linear interpolation between
Q: and Q. The moments at point A are subtracted from those at point B, and the differences
are added to the moments at C to give the approximation of moments at D.

Control effectiveness derivatives at points B and C are computed as divided differences
using the four bounding runs. At point B, roll control derivatives are calculated at Q; and
Q; and then interpolated to bg,. Pitch control derivatives are computed at Py and P, and
interpolated to 6p. The same technique is used at point C to get yaw control derivatives and
pitch control derivatives. The roll and yaw derivatives go directly into the control effectiveness
matrix. The pitch control derivatives at (g 0, 0) {point A) are subtracted from the values
at {3q;, dp;» @) (point B) and the differences are added to the values at (g 0, drp) (point
C) to obtain values at (5q;, 8p,. g,) (point D). The approximations to control derivatives
at point D do not include the effects of roll deflection on yaw control effectiveness or vice
versa.

The next approximation of the trim deflections is made using the moment vector and
control effectiveness matrix corresponding to the current estimate of the deflections. A new
{6] is calculated by solving Eq. (2) and the new deflections are given by

[8li-: = [6]; - [a 3]s 4

where the elements of the [A §] vector are the (6x, — dx,;,) terms. The new moment vector
and control effectiveness matrix is calculated as before. The iteration continues until the
untrimmed moments are less than user-supplied tolerances. The values of other data parameters
at trim are determined by the method used for moments after the iteration converges.

Newton’s method performs well when the control effectiveness matrix is diagonally
dominant. However, the method may fail to converge if the diagonal deminance is lost. The
control effectiveness matrix is diagonally dominant when the absolute value of the main
diagonal term (i.e., Mg, Lp, or Np) is greater than the sum of the absolute values of the
other terms on the same row. In the three-axis trim application, diagonal dominance is lost
when there is strong cross coupling in the control effectiveness derivatives. For example, if



AEDC-TR-89-10

the derivative of yawing moment with respect to roll deflection is greater than or equal to
the derivative of rolling moment with respect to roll deflection, then diagonal dominance
has been lost. Any untrimmed yawing moment would cause a large roll deflection increment
in the example case. The large roll deflection would generate additional untrimmed yawing
moments and the process would diverge.

The impact of cross coupling can be reduced by adding a relaxation technique to the basic
Newton method. Successive over- and under-relaxation is used in the three-axis trim option.
(See Ref. 2 for a discussion of over- and under-relaxation.) The relaxation technique multiplies
each element of [A 8] in Eq. (4) by a relaxation factor before calculating the new [6]. The
relaxation factor for a given deflection is determined by comparing the signs of the
corresponding element of [A §] on successive iterations. If the two signs are the same (the
previous iteration under-predicted the trim value), then a relaxation factor greater than 1.0
is used. A relaxation factor less than 1.0 is used when the two signs are opposite (the previous
iteration over-predicted the trim value). The relaxation factor has the effect of adjusting the
size of the deflection increment that Newton’s method would add to the current deflection.
The relaxation factors are accumulative. At each iteration the factor for a given deflection
is multiplied by either 1.1 or 2/3. Therefore, repeated under-prediction of trim values would
lead to increasing relaxation factors, and repeated over-prediction would reduce the relaxation
factors. The factors are limited to a maximum of 2,0 and a minimum of 1/9 to avoid extreme
adjustments.

3.3 PROGRAM RESTRICTIONS

Several restrictions are placed on the data used as input to the computer program that
performs the three-axis trim calculations. The most severe restriction is that each independent
variable sweep have the same values of independent variable. When wind tunnel data runs
are used as input, all sweeps may not have the same number of points because of balance
limits, model support system limits, or other test-related limitations. The impact of this
restriction can be minimized by the careful selection of the independent variable range
requested, by extrapolation of existing data, or both. (See Appendix A for more details.)

The determination of control effectiveness and aerodynamic moments at each iteration
requires data with deflections bounding the current estimates. The pitch deflection must be
bounded absolutely or be within 0.1 deg of the highest or lowest data value to be considered
bounded. The roll and yaw deflections are not required to be bounded absolutely.

Because it is difficult to determine before a test what the sign of the trim values of roll
and yaw deflection will be, data are often taken with the same sign for each deflection value.
The data analysis assumes the control effectiveness and the magnitude of moment increments
are independent of the direction of the control deflection. Therefore, if the roll and yaw
deflections in the data do not bound the estimate, the data are mirrored by changing the

10
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sign of the deflections and attempting the bounding again. If the second attempt at bounding
succeeds, then the moments are interpolated to the negative of the current deflection estimate.
If the mirroring is not required, then linear interpolation gives the moments directly. When
the mirroring is required, the character of the variation of moment with deflection must be
considered in the calculation of moments and control effectiveness.

When mirroring is required and the moment is an even function of the deflection, as
in Fig. 3a, the final moment value is the result of interpolation only and the control effectiveness
changes sign. (This is the case for lift, drag, and pitching-moment variations with roll or
yaw deflections.) When the moments vary as odd functions of the deflections, as in Fig.
3b, the control effectiveness does not change sign. However, for odd-function parameters
the final moment value is determined according to the following equation.

Final Moment = Moment at 0 deflection
+ RMIR x (Moment at nonzero deflection
— Moment at 0 deflection)

where RMIR is 1.0 when mirroring is not required and — 1.0 when mirroring is required.

In iterating toward a trim deflection that is very near one of the extreme data values,
the calculations can produce an estimate that is not bounded. For example, if the actual trim
deflection is 4.93 deg, the maximum data deflection is 5.0 deg, and the current estimate is
5.3 deg, then none of the bounding criteria described above is met. When this happens the
program changes the current estimate to the nearest data value (5.0 deg in the example case)
and continues the iteration. The resetting of the estimate is allowed only once for each
deflection (pitch, roll, and yaw) at each value of the independent variable. If any one of
the deflections is unbounded a second time, the trim fails at that value of the independent
variable and calculations begin for the next value.

The program limits the number of iterations to 20 at each independent variable value.
If the program reaches 20 iterations, a warning message and the final moment values are
printed. The deflections at the final jteration are used to calculate values of the other trim
parameters. The line of program output for that value of the independent variable is flagged
with an asterisk {(*).

3.4 PROGRAM VALIDATION

The three-axis trim program was developed in steps. Since a control effectiveness option
already existed in the Aerodynamic Data Analysis Program, the control effectiveness
calculations were programmed first. The second step was the development of the technique
used to update the control effectiveness and moments at each estimate of the trim deflections.
The updating technique was implemented for Group A data and then for the case with Group

11
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A and Group B data. The method of solving for trim deflection angles was added next. Finally,
the calculation of other parameters at the trim deflections was implemented. At each step
of the development, the program was checked by hand calculations and by comparison with
a “‘pilot’* program.

After developing the approach for updating moments and control effectiveness (step 2),
the author wrote a simplified computer program to perform the basic calculations. After
the pilot program results were validated by hand calculations, the program was used as a
guide by the programmer assigned responsibility for the Aerodynamic Data Analysis Program
in the implementation of the method. The pilot program process was also applied to the
calculation of trim deflections with control effectiveness and moment data as input.

The check cases used to validate the three-axis trim option came from actual wind tunnel
data and a generic data generator program. The experimental data included axisymmetric
and nonaxisymmetric vehicles. Control surface arrangements included both cruciform fins
and one vertical and two horizontal control surfaces. The generic data generator is a group
of equations used to produce curves that have characteristics similar to actual aerodynamic
data. This generic program was used to produce input data with characteristics required to
test particular sections of the trim program. Specific examples of characteristics generated
are multiple trim points at a fixed deflection within the angle-of-attack tange (See Appendix
B}, varying degrees of cross coupling in the control effectiveness, and varying control
effectiveness with deflection angle. The data used for the example case described in the next
section were generated with the generic program (o test the mirroring of yaw deflection data.

3.5 PROGRAM EXAMPLE CASE

The Group A control effectiveness data for the example case are shown in Figs. 4-6.
A close look at the data can give some anticipated results from the trim calculations. The
pitching-moment data of Fig. 4a indicate enough pitch deflection is available for trim from
0 to about 25-deg angle of attack. However, the yawing moment may not be trimmable at
the extremes of the angle-of-attack range. The trim values of pitch deflection should be between
0 and - 10 deg at angles of attack less than 14 deg and between 0 and +5 deg at angles
of attack greater than 14 deg. Cross coupling of pitch deflection into the yaw and roll planes
is also indicated in Fig. 4a. The normal force at trim should vary from near —2 to just over
+2 between angles of attack of 0 and 14 deg, according to Fig. 4b. At angles grealer than
14 deg, the normal force at trim should range from about 2 to 4.5.

Roll control deflections shown in Figs. Sa and 5b have very little effect on the pitching

and yawing moments and no effect on the force coefficients. The rolling-moment data suggest
that roll control will not have a limiting influence on the trim calculations.
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The yaw deflection data of Fig. 6 indicate trim will not be possible above 24-deg angle
of attack. The lower angle-of-attack limit with data mirroring is near 8 deg. However, the
pitch deflection required for trim produces a negative increment in yawing moment and makes
the 8-deg angle-of-attack limit questionable. The yaw deflection at trim should range from
+ 10 deg near 8-deg angle of attack to — 10 deg near 24-deg angle of attack. No yaw deflection
should be required at some angle of attack near 16 deg. The side-force coefficient at trim
should vary from about —0.5 at 8-deg angle of attack through —4 between 16 and 17 deg
to —7 at 24-deg angle of attack.

With the anticipated results as a guide, the output from the new trim option ¢an be
evaluated. Trim results are shown in Figs, 7 and 8. At angles of attack of 8 deg and less,
the yawing moment could oot be trimmed. Yawing moments also prevented trim at angles
of attack greater than 22 deg. The control deflections at trim, shown in Fig. 7, are within
the ranges anticipated. Pitch deflection is 0 just above 14-deg angle of attack, and 0 yaw
deflection is required near 16-deg angle of attack. Roll trim required deflections of less than
1 deg and was not a limiting factor in the calculations.

The force coefficients at trim, plotted in Fig. 8, also follow the trends predicted from
the input data. The normal force at 14-deg angle of artack is between 2.0 and 2.5 as expected.
If extended to 8-deg angle of attack, the side force line would be very near —0.5, and at
an angle of attack just over 16 deg, the side force is —4.

The example case results match hand calculations, pilot program results, and the trends
predicted from analysis of the input data very well. The same level of agreement has been
demonstrated for the other check cases used during the development process. These results
confirm the program is working as intended.

4.0 CONCLUSION AND RECOMMENDATIONS

A computer program has been developed to perform three-axis trim calculations using
control effectiveness data. The data may be experimental or computed, and two matrix types
may be used. If necessary, roll and yaw control deflection data are mirrored to trim at a
given angle of attack. The program has been validated by comparison with hand calculations
for check cases with a wide variety of control effectiveness characteristics. Access to the -
program is provided through a new option in the Aerodynamic Data Analysis Program.

The three-axis trim option provides acrodynamic analysis capability for flight vehicles
which experience untrimmed rolling and yawing moments at the longitudinal trim condition.
With the new capability, analysts can determine whether a vehicle has enough control authority
to trim all three moments simultaneously at each point in the flight envelope. The aerodynamic

13
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coefficients at the three-axis trim condition can be used to estimate range, endurance, turning
performance, and other vehicle performance parameters.

The three-axis trim program is applicable to the most common control effectiveness data
matrices. However, an extension to a data matrix without separate independent variable sweeps
for each equivalent deflection type should be investigated. Such an extension may be required,
for example, for a missile that is allowed to roll in flight. Data with roll control deflection
would probably not be obtained for that missile. The current program could not perform
the pitch and yaw trim calculations without the roll control data.

Another restriction that should be removed is the requirement that each data run contain
the same number of points. The program uses point number 1o step across the independent
variable range to be consistent with other Aerodynamic Data Analysis Program options. The
user-supplied independent variable increment should be used to step across the range with
trim calculations based on the data available at each independent variable value. However,
the option of extrapolating all data to the full range should be retained.

REFERENCES

1. Burden, Richard L. and Faires, I. Douglas. Numerical Analysis. Prindle, Weber, and
Schmidt, Boston, 1985 (Third Edition).
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Figure 4. Pitch control deflection data for example case.
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Table 1. List of Analysis Program Options

Data Option

. Variable Bias Corrections

. Independent Variable Range

. Center-of-Gravity Transfer

Axis Transformation

. Change in Reference

Dimensions

Skin Friction and Base Drag
Correction

Yariable Sign Change

Anaglysis Option

. Determination of Stability

Characteristics

Determination of Control
Effectiveness

Single-Axis Trim

10.

Typical Application

. Correct data for model asymmetry such as bent or misaligned control surface.

. Interpolate data to even increments of the independent variable. For example,

angles of attack of (.1, 1.97, 3.95 would be interpolated/extrapolated to 0, 2, 4.

. Correct data from different sources {i.e., current test and earlier test or prediction

and experiment) to the same center-of-gravity location for direct comparison.

Transform data drom different sources to the same axis system for direct
comparison.

. Correct coefficients based on different reference dimensions for configuraiton

synthesis (i.e., missile fin data based on root chord added to body data based
on diameter) or for comparison of data from different sources.

Scale drag data from model to full-scale flight vehicle.

Change between sign conventions for control surface deflection.

Qutput

. Lift-to-drag ratio, static margin, neutral peint, and a departure correlation

function (Cnﬂ)dymic.

Divided difference approximations to the partial derivative of each aerodynamic
coefficient with respect to each control surface deflection.

The values of trim deflection for each independent variable value where trim

is possible and the values of any other parameter at trim. Typically, the two
untrimmed moments and the force coefficients are requested for output.
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Table 2. Generalized Group A Data Matrix

Pitch Roll Yaw
Deflection Deflection Deflection
0 0 0
Q 0 0
Q. 0 0
Qn 0 0
0 P, D
0 P, 0
0 Py 0
0 0 R,
0 0 R,
0 0 R;

27
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Table 3. Generalized Group B Data Matrix

Pitch Roll Yaw
Deflection Dreflection Deflection
Q P, 0
Q Py 0
Q P, 0 Roll Deflection
Q; P, 0 at Fixed Pitch
Q2 P, 0 Deflection
QZ Pn 0
Qm P, 0
Ql 0 Rl
Ql 0 Rz
Ql 0 Ri
Q: 0 R; Yaw Deflection
Qa2 0 R, at Fixed Pitch
. . Deflection
Q2 0 R;
Qm 0 R;
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Table 4. Comparison of /(g - Eg'dm)z and /5%y - %Ryrim

for a Typical Heration

Iteration Cn VIbr - O, |V - PRy,

0 1.791 6.61 *

1 0.127 0.78 3.30

2 -0.084 0.23 1.75

3 —~0.051 0.053 0.839

4 —0.020 0.0013 0.1299

5 —0.006 0.004 *

6 —0.002 0 0

* Term under the radical is negative.
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APPENDIX A
PROGRAM USER'S GUIDE

This appendix provides an example of a typical session with the prompting program that
creates files required as input by the three-axis trim option. The prompting program is a
modificd version of the program used with the original Aerodynamic Data Analysis Program.
Before initiating a session with the prompting program, the user should establish TEKPLOT
(TEKPLOT is an AEDC plotting software package based on the PLOT10® graphics language)
files for aerodynamic data input and output. (The output file is optional.) The menu of these
files may be of arbitrary length up to 300 variables. A copy of the input file menu should
be available during the prompting session becanse the program prompts for variable names
from the menu. The menu of the input file used for the example session is shown in Table
B-1. The output TEKPLOT file menu must contain a variable name for each parameter of
interest at trim conditions with a *“T*” appended to the end of the original variable name.
For example, body axis normal force is stored as CN in the example input file. If CN at
trim is to be written to an output TEKPLOT file, then the cutput file menu must include
a variable *“CNT".

The number of prompts generated by the program depends on the combination of data
manipulation options requested by the user. The example described in this appendix shows
only the prompts for Options 2 and 11 (the minimum number of options for three-axis trim).

STARTING A PROMPT SESSION
Log on to the Amdahl 5860 and issue the following command:
EX ‘C60126.DATAPROG.CLIST?

The program responds with a prompt to determine whether the session is classified or
unclassified. At the next prompt the user has the option of editing the responses from a previous
session or continuing with entry of a new set of inputs. The example session demonstrates
the entry of a new set of inputs. The axis system of the input data is requested next. Body,
acroballistic, wind, and stability axis systems are available, These four axis systems are defined
in Figs. A-1 through A-4. The program next prompts for the variable names of angle of
attack and sideslip on the input TEKPLOT file.

OPTIONS SELECTION

A list of the 11 options available through the analysis program is presented next. (See
Table 1 for a brief explanation of the ten original options.) Option 11 is the three-axis trim
option. Any combination of Options 1 through 7 may be used to manipulate the data before
trim calculations begin. The results from the data manipulation options will be printed before
output from the analysis option. Option 2 should always be performed so that the data will
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have exactly the same values of the independent variable. In the example session the four
prompts following the selection of Options 2 and 11 relate to Option 2.

INDEPENDENT VARIABLE RANGE

The tolerance requested for testing the independent variable range is used to determine
whether angle of attack or sideslip is the independent variable of the input data. The differences
between three consecutive data values of both angle of attack and sideslip are compared to
the tolerance value. The variable which has differences larger than the tolerance is used as
the independent variable.

The ranges of angle of attack and sideslip desired for trim calculations are entered as
minimum value, maximum value, and a step size to use between the extremes. Trim calculations
are performed at each step in the range. The range and step size for the independent variable
must not result in more than 100 steps between the minimum and maximum. If data are
not available over the entire independent variable range, then linear extrapolation can be
used to extend the range of the data. Each input run must have a data point at every step
in the range when the three-axis trim option is used. An example of data that would require
careful selection of the independent variable range and some options for its use is presented
in Fig. A-S. The degree of extrapolation can be restricted by the response to the next prompt.

THREE-AXIS TRIM

The next set of prompts interrogates the user for information required by the three-axis
trim option. A tolerance is required for each moment coefficient as a stopping condition
for the iteration, Specific vatues of the tolerances cannot be recommended because of the
wide variety of moment values for different flight vehicles. However, the following technique,
based on vehicle geometry, should give a reasenable upper limit for the tolerances.

Cn Tolerance =

(XHL — XMR) dCn
S*d "5 (_d&— (e)

where XHL = Distance from the vehicle nose to control surface hinge line

XMR

Distance from the vehicle nose to the moment reference point
S; = Planform area of the control surface
S = Reference area

d = Reference length
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(dCn/dd) = Change in normal force with respect to control deflection

¢ = Maximum allowable error in trim deflection angles
(actual trim value — calculated trim value)

The same equation with appropriate substitutions will give rolling- and vawing-moment
tolerances. The numbers used in the equation do not have to be very precise because the
order of magnitude of the result will be used to select the final tolerance values. The tolerances
resulting from these calculations should be tested by running one set of data twice — once
with the tolerances from the equation and again with tolerances one or more orders of
magnitude smaller than the first case. If the trim deflections from the two cases differ by
more than ¢, then the larger tolerance is too large. Reduce the rolerances until the calculated
trim deflections change by less than ¢ between cases. The tolerance determination should
only be required once for a given vehicle.

The largest value of tolerance consistent with required accuracy should be used to reduce
the number of iterations required for a solution. The number of iterations is limited to 20
at each independent variable value. If any of the three moments is not required to be trimmed,
then a very large value of the tolerance for that moment should be used.

YARIABLE NAMES

After tolerances are entered, the prompting program asks for the variable names of the
force and moment coefficients of the input TEKPLOT file. The responses should be consistent
with the “‘axis of original data’’ chosen earlier.

Test condition variable names entered at the next prompt identify parameters that are
constant and are not calculated at the trim condition. These names will not have the “T**
appended to the name in the print of final trim results.

LOAD FACTOR

The load factor option is not demonstrated here. If the load factor at the trim conditions
is required, the vehicle weight and the desired altitudes must be input.

DATA INPUT
The next prompt is for the variable names on the input TEKPLOT file of equivalent pitch,

roll, and yaw control deflections. All three deflection types are required for three-axis trim.
(A missing deflection causes Newton’s method to fail because of the singular control
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effectiveness matrix.) The names may be entered in any order because the next prompts ask
the user to specify the deflection type for each variable name. The user is then prompted
for run numbers for each equivalent deflection from Group A data (See Section 3. 1). Each
run on a line represents a different value of the deflection. The deflection values should decrease
from left to right on a line of run numbers. Bach line of runs represents a different test
condition (i.e., Mach number, roll angle, configuration, etc.).

The next two prompts request Group B data (See Section 3.1). These runs are entered
with constant pitch deflection and decreasing roll or yaw deflection on each line. In the
example, two roll and yaw deflections were available at four values of pitch deflection. On
each line the rons are ordered with maximum roll or yaw deflection first and minimum
deflection last. The lines are ordered with the maximum pitch deflection as the first line and
minimum pitch deflection as the last line. If Group B data are not available, enter a RETURN
after each of the “FIXED DELTAQ' prompts.

TYPE OF OUTPUT

The user may choose output to a TEKPLOT file only, printer only, or both. If TEKPLOT
output is required, the output file must be created before the batch job to perform the trim
calculations is submitted. Printed output is identified by the response to the prompt for a
title. The original TEKPLOT file is the file to be searched for the input run numbers, and
the new TEKPLOT file will receive the output.

VARIABLE NAMES FOR OUTPUT

The variables specified here will be printed upon completion of all the selected data
manipulation options (1 through 7) and again after the trim calculations are completed. The
first print shows the results of all the data manipulation for each run entered. The second
print gives the value of each variable at the trim deflections for each independent variable
value where trim was accomplished. Any variable in this list that was not in the Test Condition
Variables list will have a *‘T*’ appended to the original name in the second print. If TEKPLOT
output was requested, the variable with ‘“T** added must have a corresponding variable name
in the output TEKPLOT menu.

EDITING AND JOB CONTROL LANGUAGE
The program provides opportunity to correct any mistakes by going through the editing

option. The remaining prompts provide information for building a Job Card for an Amdahl
batch job. See the Amdahl User’s Guide for an explanation of the information requested.
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Upon completion of the prompting session, four files should appear in the user’s catalogue
of disk files. The file names are:

userid. TEKJCL.CNTL
userid. FILEINFO.DATA
userid. RUNNAMES.DATA
userid.OPTIONS.DATA

To check for these files, issue the command LISTC in TSO or in SPF option (3.4) and look

at the files which begin with ““userid”. To execute the three-axis trim job, submit the TEKJCL
file.
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Figure A-1. Definition of body axis system.
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OPTIONS
1. Extrapolate all runs to desired ALPP range.
2. Use 8 deg to 20 deg as ALPP range.

3. Exclude run 11020 and use 4 deg to 24 deg
as ALPP range without extrapolating.

4. Exclude runs 11020 and 11023 and use 2 deg
to 26 deg as ALPP range without extrapolation.

Figure A-5. Options for variable number of poinis.
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APPENDIX B
EXAMFPLE DATA AND PROMPTING SESSION
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a. Pitch deflection data
Figure B-1. Group A data for example case.
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Figure B-1. Continued.
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Table B-1. Input Flle Menu

.« 1 RECORDS = TO 15
ID REx10-6 DELTAQ CNF3 CHM3/5
TINE SHX10+3 DELTAR CNF4 CHM4/S
TEST NO TT CaT CkM CNF1/8
PART NO TBAL CAF cIRa CNF2/S
POINT NO ZRP CAB cen3 CNF3/5
RUN ALPP CNA CBM4 CNF4/5
SAMPLE PHI cuma CAT/S CBM1/S
ALPHA CYA ChF /S CcBme/s
BETA CLLA CAB/S CBM3/S
DELV CLMa CNAs/S CBH4/S

TEST DELH CHN CLRA/S

RUN DELTAL CHN2 CYAsS

POINT DELTAZ CHMI CLLA/S

CONFIG DELTA3 CHM4 CLNA/S

| DELTA4 CNF1 CHML/S

a DELTAP CNF2 CHMt2/5
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Table B-2. Example Prompting Session

EX ’CE0126,.DATAPROG.CLIST!
ENTER U FOR UNCLASSIFIED RUN
ENTER C FOR CLASSIFIED RUN

EEREXEXEXLERRRKRKAXXRKKRREX LK
X AERODYNAMIC DATA ANALYSIS x
EXEXRERERAXRRXXXKARARREA KRS KX

WOULD YOU LIKE TO:
1) ESTABLISH NEU DATA FILE
€) EDIT EXISTING DATA FILE

iENTER 1 OR 2)

X¥x AXIS OF ORIGINAL DATA xXX%
1) BODY

c) AEROBALLISTIC

3) UIND

4) STABILITY

ENTER CHOICE OF 1 THRU 4

XXX INDEPENDENT UARIABLE NAMES XxxX
EE;ER THE VARIABLE NAME USED IN TEKPLOT FOR ANGLE OF ATTACK

EHIER THE VARIABLE NAME USED IN TEKPLOT FOR SIDESLIP
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Table B-3. Example Prompting Session, Continued

-4

FOLLOWING OPTIONS ARE AVAILABLE:

VARIABLE BIAS CORRECTIONS

INDEPENDENT UARIABLE RANGE

CENTER OF GRﬁUITV TRANSFER

AXIS TRANSFORMATION

CHANGE IN REFERENCE DIMENSIONS

SKIN FRICTION AND BASE DRAG CORRECTIONS
UARIABLE SIGN CHANGE

DETERMINATION OF STABILITY CHARACTERISTICS
CONTROL EFFECTIVENESS

m e
a noumdmm;umnﬁ
wf o W W W W e e

R THE NUMBERS., SEPARATED BY COMMAS, OF THE OPTIONS
EOIiIlUOULD LIKE. (ENTER D TO DISPLAY THE OP‘I'IONS AGAIN)

XXX INDEPENDENT VARIABLE RANGE X3X
ENTER DELTA USED FOR TESTING THE INDEPENDENT VARIABLE
2 THE (TOLERANCE)

ENTER MINIMUM. MAXIMUM, DELTA FOR ALPHA (ANGLE OF ATTACK)

2.24.,

ENZEfoFIIHIHJH- MAXINUM, DELTA FOR BETA (SIDESLIP)
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Table B-4. Example Prompting Session, Continued

ENTER EXTRAPOLATION OPTION.

1) NO EXTRAPOLATION BEYOND ACTUAL DATA (DEFAULT)

2) EXTRAPOLATION TO THE NEXT VUALUE THAT THE INCREMENT
WOULD EXTEND THE INDEPENDENT UARIABLE TO
EXTRAPOLATIONS ARE LINEAR AFTER THE DATA POINTS

3) EXTRAPOLATION OF ALL DATA TO ABOVE SPECIFIED
MINIMUM AND MAXIMUM
EXTRAPOLATIONS ARE LINEAR AFTER THE DATA POINTS

EHTER CHOICE OF 1 THRU 3

XXX TRIM3D XX

XXX NOTE: TO PREVENT ERROR, MAKE CERTAIN INDEPENDENT Xxx
XX UARIABLE RANGE OPTION IS ALSO CHOSEN. XXX

ENTER MOMENT TOLERANCES IN PITCH, RILL, YAW CRDER
.01,.001,.01

EE¥ER THE VARIABLE NAME USED IN TEKPLOT FOR AXIAL FORCE

EHEER THE VARIABLE NAMNE USED IN TEXPLOT FOR NORMAL FORCE

Eg;ER THE VARIABLE NAME USED IN TEKPLOT FOR SIDE FORCE
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Table B-5. Example Prompting Session, Continued

EEIER THE VARIABLE NAME USED IN TEKPLOT FOR ROLLING MOMENT

EE;ER THE VARIABLE NAME USED IN TEKPLOT FOR PITCHING RMOMENT

Eﬁ;ER THE VARIABLE NAME USED IN TEKPLOT FCR YAWING MOMENT

ENTER THE URRIABLE NAMES. SEPARATED BY COMMAS.FOR THE
TEST CONDITION UARIABLES FOR THE TRIM OPTION.

PRESS RETURN ON A NEW LINE WHEN FINISHED.

RUN. M, ALPP,PHI

go YOU WISH TO DETERNINE LOAD FACTORY (Y/N)

ENTER THE UARIABLE NAME FOR CONTROL DEFLECTION.,
SEPARATED BY COMMAS. (MAXIMNUM OF 3)
DELTAG, DELTAP, DELTAR

ENTER THE DEFLECTION OF DELTAG
(1) PITCH, (2) ROLL; (3)" VAU
ENTER cHolce OF 1 THRU 3

ENTER THE DEFLECTION OF DELTAP
(1) PITCH: (2) ROLL; (3) YAuU
ENTER CHOICE OF 1 THRU 3
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Table B-6. Example Prompting Session, Continued

ENTER THE DEFLECTION OF DELTAR
(1) PITCH: (2) ROLL: €3) YAl
ENTER chotceE OF 1 THRU 3

ENTER THE RUN NUMBERS DESIRED FOR DELTAQ.

AEDC-TR-89-10

SEPARATED BY COMMAS. INPUT IN DECREASING ORDER

OF DELTAS, MAXIMUM 6 PER LINE.
PRESS RETURN ON A NEW LINE WHEN FINISHED.
ev.24.21,18

ENTER THE RUN NUMBERS DESIRED FOR DELTAP,

SEPARATED BY COMMAS. INPUT IN DECREASING ORDER

OF DELTAS. MAXIMUM 6 PER LI

NE.
ggEfg RETURN ON A NEW LINE WHEN FINISHED.

ENTER THE RUN NUMBERS DESIRED FOR DELTAR.

SEPARATED BY COHHﬁS. INPUT IN DECREASING ORDER

OF DELTAS. MAXIMUM 6 PER LINE.
ZgEgg RETURN ON A NEW LINE WHEN FINISHED.
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Table B-7. Example Prompting Session, Continued

ENTER THE RUN NUMBERS WITH

FIXED DELTAQ WITH VARYING DELTAP VALUES
SEPARATED BY COMMAS. INPUT IN DECREASING ORDER
OF DELTAS. MAXIMUM 6 PER LINE MAXIMUM 6 LINES
ng?g RETURN ON A NEW LINE WHEN FINISHED.

24,9

21.6

18,3

ENTER THE RUN NUMBERS WITH

FIXED DELTAQ WITH UARYING DELTAR VALUES
SEPARATED BY COMMAS. INPUT IN DECREASING ORDER
OF DELTAS, MAXIMUM €6 PER LINE MAXIMUM 6 LINES
ggEgg RETURN ON A NEW LINE WHEN FINISHED.

24.2e

21,19

18.16
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Table B-8. Example Prompting Session, Continued

SPECIFY TYPE OF QUTPUT:
1) NEW TEKPLOT FILE ONLY :
2) PRINTED OUTPUT ONLY - .
3) BOTH NEW TEKPLOT FILE AND PRINTED OUTPUT

éEHTER CHOICE OF 1 THRU 3)

ENTER TITLE FOR PRINTOUT (60 CHARACTER LIMIT)
EXAMPLE CASE '

ENTER_THE FULLY GUALIFIED NAME OF THE ORIGINAL TEKPLOT FILE.
PUT.B30088.CHEKTEK '

ENTER THE FULLY QUALIFIED NAME OF THE NEW TEKPLOT FILE
PUT.B3009S8.AEROPRED

XXX UARIABLE NAMES FOR PRINTOUT xxx

INPUT INDIVIDUAL VARIABLE NAMES TO BE PRINTED ON THE
1-7 OPTIONS PRINTOUT AND THE TRIM OPTION PRINTOUT
XXXXX NOTE MUST BE ORIGINAL TEKPLOT FILE NAMES XXxkx
INPUT VARIABLE NAMES SEPARATED BY COMMAS.

TERMINATE LIST BY PRESSING RETURN ON & NEW LINE.
ALPP,PHI,DELTAQ.DELTAP,.DELTAR, CLMA,CLLA, CLNA, CNA, CYA
CHM1, CHM2,CHM3,CHM4

gOULD YOU LIKE TO EDIT THIS PROMPT DATA FILE? (Y OR N)
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Table B-9. Example Prompiing Session, Concluded

WOULD YOU LIKE TO:
1) BUILD NEU JCL
2> SUBMIT EXISTING JCL FILE

3) QUIT
ENTER CHOICE OF 1,2 OR 3: 1

TEKPLOT DATA WILL BE REﬁD FROM PUT.BSOOQB CHEKTEK
IS THIS CORRECT? (Y OR N)

TEKPLOT DATA WILL BE URITTEN TO PHT 330098 ﬁEROPRED
IS THIS CORRECT? (Y OR N

Y
as THIS TEKPLOT FILE(S) PRDTECTED? (ENTER ¥ OR N)

ENTER THE FOLLOUING INFORMATION FOR THE OUTFUT.
ENTER ACCOUNT NUMBER (AUD):56019604

ENTER NAME (FOR PRINTOUT BANNER) $USERNAME

59 THIS TO BE PRINTED AT CCF? (Y QR N)

WANT TO PRINT THIS ON THE XEROX PRINTER?

CLASS: 1) X — TIME = S SECO
g) C - TIME = 2 MINUTES (DEFAULT)
3) D — TIME = 4 MINUTES
4) E — TIME = 30 MINUTES

T
ENTER 1 THRU 4t 1

ENTER PRIORITY (8 DEFAULT):
ENTER COURIER STOP NUMBER (4 DEFAULT): 4A
WOULD YOU LIKE TO SUBMIT THIS JOB? (Y OR N)

N
TO RUN THIS JOB FROM TSO., TYPE: M
LE R E: SUBMIT TEKJCL
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APPENDIX C
LISTING OF INPUT FILES



//B30098T JOB (CAL,ANALYSIS,01,56019604),
//  B30D98USERNAME,MSGLEVEL=1,MSGCLASS=2,
//  USER=B30098,PASSWORD=XXXXXXXX,REGION=9800K,
f/ NOTIFY=230098,PRTY=8,

/! CLASS=X,TIME=(,5)

/%JGBPARM ROQM=4A

}F’h':

J/STCF2 EXEC FORTXPDS, PGMNO=BD{05313
//GD,FT36F001 DD DISP=SHR,

//  DSN=DB30C98.0PTIONS.DATA
//GO.FTS7F001 DD DISP=SHR,

//  DSN=B30098.RUNNAMES.DATA
J{GO.FT58F001 DD DISP=5HR,

/¢  DSN=B30098.FILEINFO,DATA
//GO.FTZ?1FDQ1 DD DISP=SHR,

/f/  DSN=PWT,B30098.CHEKTEK
//GO.TT72F001 DD DISP=(NEW,DELETE),

!} DEB=0PTCD=C,

/1 UNIT=WORK,

/f{  SPACE=(CYL, (3,1))

SAGO.FT?3F001 DD DISP=SIHR,

I/ DSN=PHT.B30098.AEROPRED
/iGO.FT74F001 DD DISP=MOD,

A DEN=FHT.B30098. AERQOPRED
2t

a. TEKJICL file

3 TP 64 0 0 0
5 0 0 D 1]
3 0 ] 0] 0

] 1 1

l 1 1

0 0 0

0 0 0

PHT.DB300098., CIEKTIK
PWT.D30098 ., AERCPRED

b. FILEINFO file
Figure C-1. Listing of input files for example case.
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W2
IVRANGNE
TRIM3D
.01

RUN

DELTAQ
27

DELTAP
27

DELTAR
27

ROLL
27
24
21
18

YAW
27
24
21
18

ENDCE
END

Flgure C-1. Continued.

3

001 01
ALFPP

24 21

12

25

W h O rM

22
19
16

c. OPTIONS file
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PROJECT: B20098

DATE: B89/04/25
GROUP:  RUNNAMES TIME: 15:28
TYPE: DATA PAGE: 1 -
START
COL rr--d-vw-=d--nrdrnmeeQomacdroosBocm—d----f--c-f----B----%----G----t--=--T----+---—-@

1 EXAMPLE CASE

56 ALPMIN

i2 BETINGC

&7 BETMAX
34 BETMIN

34 IAXISA

d. RUNNAMES file
Figure C-1. Continued.
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PROJECT: 830098 DATE: 83/04/25
GROUP : RUNNAMES TIME: 15:28
TYPE: OATA PAGE: 2
START
COL ----#----l--—-F-~=--2-===#-c- Qe dmnavhrerrta---BoverbnnanGeos-bosaTumm-boo=-B
45 ALPINC
23 ALEMAX
1 0. .0CO0E+ E+00 O.Q0000E+D0 O, 00CRE+0D ©, OOOOE+OD O,0000E+00 O, OOQ0E+00Q

1 6.66008+00 0.0000E+00 0. 0000E+00 0. Q00000 0. DOOCEF00 0. OC00E+00 0, 00O00E+00
t 0, 0. COOOE+00 O, GOCOE+00 . 0000F+00 0. OOC0E+00 0. 00O0E+00 0.0000E+00
: g.%‘%‘ﬂm_; +00 O,00COE+OD ¢ o“""‘ooooz"&‘::“ﬁ"bo"_ooa'“éb‘ﬂ+ EEF'E—mE O0E+30
. - Q2 +00 OQOE+QC O, OQ00E+0D .00 Q +00 0, E+00
+00 0.QC00E+00 0, E+00 0.0000E+00 0,00 n'omn!i'o'o-g'gn 10%5‘%'0J'+ ,QO0CE+a0
0. oooozwo 0. 0DO0E+00 0. QOOOT+U0 X i:g_q_g_q_g_qg_q_q_g_gp_g S0 _D.ODODE+D
; .o;gg 0.00008+00 o DOODE+Q0 0. Q00DE+QD

!+ 0.0000E+00 0.CODCE+OD
00 0, OOOE+ .GLOCE+00

:’g'loootaL'q'q-oo" —
160008400
OGE+00"

d. Continued
Figure C-1. Continued.
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PROJECT ;
GROUP :

B30088
RUNMAME S

DATE :
TIME: 15:28

TYPE: DATA

PAGE: 3

- -

T-- 2 e A T ¥ T s B ¥ = rBre--k----7-c-ck----B

Q. 0000E+00 0 Q000E+0Q O

0 O0Q0E+Q0 0 QODOE+OD

C.COD0E+00
0.0CODE+00

0. GO00E+00
0.0D00E+00

0.000QE+CO
0.0000E+QQ

0.0009E+00 0. DO00E+DO O,

Q.0000E+00 0. 0O00E+DQ

0.0000E+0D 0. Q000E+00
0.0CO0E+0D Q. 0D0QE+0D

G- OCOCE+CO
C.0COGE+CO

0.0000E+Q0
0.0000E+CD

O -0000E+GO
Q.C000E+DQ

0.00Q0E+Q0 Q. C000E+CO
9.0C00E+Q0 9.00Q0E+QD

0.C00CE+QD O.0O0DE+D0
0. 0000E+00 0. 0000E+OD
0.0000E+00 0. 0000E+00 0. 0000
-Q0QQE+Q0 Q. COOCE+CD
-ODO0E+Q0 Q.000CE+CD
. GOQCE+O0

oo

0. COQOCE+00

- ODODE+DD
. COCOE+CO
- QQOOE+CQ
-O000E+0O
. CCO0E+Q0

0. COOCE+DO
0. DO0CE+CO

O.C000E+DO

.O00OE+0C O.GOOOE+0G
. OO00E+00 O.CODDE+DQ

pels [ R=l=g =] =] =R

» QOQOE+CC 0. COODE+CO
. 00QOE+QD C.CO0D0E+GO
-DDOOE+CC G, COCOE+CC
-DOODE+00 O.Q000E+0D
0.0000F+00 O.Q00CE+00

oojpo

0.0000E+00 0. QOOCE+00

O.D000E+QD
0.0D000DE+00
Q. 0000E+00
Q. O000E+DQ

0. GGO0E+Q0
0. QOO0E+00
0.0000E+Q0
- QOCOE +00

0.D000E?00 0.0000E+00 O .0000E+00 O, 0GOGETO0 O.O0DOE+00 0. DDCDE+DO O, DOODE+FGO

Q.0000E+D0
Q. 0000E+00
0. 000D0E+QQ

. O0DDE+00
.Q000E+00
- O00QE+0Q
.0000E+Q0
- O00QE+Q0
Q. 0000E+00D
0.0009E+QD

0.Q00QE+QD
-QOQCE+QD
- GOQQE+00
-OQ00E+00 O. 0000E+DD
-QQQRE+Q0 O, COCQE+CO

010 cjo o]0 o0 O

AQCOE+OQ 0. QO00E+00

0.0000E+00 0.0000CE+00
©.Q000E+00_0.Q000E+00

O.OCC0E+0Q
0. DRDOE+OT

C.DOOQE+CD
0. 0CODE +00

G OC00E+D0 O COJ0E+00

0. QOQOE+CD
0, O000E+CO

0. 00C0E+00
Q.0000E +Q0

C.COODE+30
C.COROE+CO

O.0000E +00
0.0000E +00

0.0C0CE+O0 ©.00COE+D0
C.OGCOE+00 O.00COE+H00

G.GO00E+C0 0. 00C0E+DD

©.0000E+00 O . DOOQE+0Q0

O.COO0E+CO 0. 00CDE+00
0.0000E+00_Q. COCOE+DD

0. 0000E+QD Q. CODQE+QD

-OQOOE+QD O, 0000E+CO 0.ODOCE+Q0 O.0DCCE+OD Q.0GO00E+QD
-ODDOE+CD O.O0Q00E+Q0 O, QOCOE+00 O.COCOE+D0 0. OCDOE+0D

C.QC00E+D0 O.00C0E+D0
D.0000E+0D D.COODE+DD

£.0000E+30 O.00006+00

G.0000E+DD O.COCDE+QD
0.0000E+00 O.O0ODDE+DD

0. 0000E+00 Q. O0COE+00
0.0000E+00 0. 0ODOE+00
0.0000E+00 O.Q000E+00
©.0000E+Q0 0. 2000E+01
©.00C0E+00 O
0.Q0ROE+QD
0. 0DOQE+00
0. 000CE+00

©.00COE+DD

0. 00DOE+00
9. 0000E+00
O00QE+Q0 0. 00

D.0CGQRE+00
0.CO00E+QC

0. QQOQE+QD
a.
0.0CO0E+Q0 O, GOO0E+0D
0-0C00E+00 0.
©-00DDE+DD O,
0. GODOE+00 0. CO0DE+0a

0. Q00OE+O0 0. COOCE+DQ

COQQE+QD Q.

0. G0O0ES00
0. D0OQE+00D

C.CCRCE+CO
C. 00005 +00

0.0000E+0D
0. 6000E+C0

0. 0Q00E+QD
0. 0000E+00

Q.0000E+00

C. CODOE+00

0. O000E+00

0. QDOQE+00

Q. 0000E+00

Q.0000E+D0

Q.0000E+00 0.0
Q. O0G0E+O0

HO0 0, OQ0QE+0Q0

0.0000E+D0

“COOCE+00 0. CO0OE+00 0.0000E+00 O.0000E+00 0. GO00E+00 U, O0ODE+00 O OUO0EF00

0. 0000E+00 0. OOCDE+OQ 0. QQ0CE+Q0

Q. 0QDOE+Q0
Q. 0000E+CO

0. 000QE +00
0. O0OQE+QD

0.0000E+00
0.0000E+00

0.0000E+Q0
Q.0000E+Q0

0. O0GOE+00
0.0000E+0D

C.O0DOE+0Q
0.00DJE+DD

O.CDCOE+00 0. 0000E+00

C. 00OCOE+Q0
0, OOCOE+QD
Q. DOCCE+QO

0. O0COE+C0
0 0. 00COE+DO
0. GOC0E+00

Q.0000E+00

0.0000E+Q0

0. 0000E+0D
0. O00QE+QD
0. 0000E+00
0. GOO0E+Q0

0.0000E+0D
0. 0UGUE+0D
©.00C0E+00
0. Q0COE+00

0.Q00CE+Q0
0. 0000E+DQ

Q.0000E+00

0. D000E+00

0.O0CJE+GD
0.0C00E+Q0

Q. QQ00E+DD

G GOGOE+QD

Q. QOGOE+00

O, 000DE+D0

0.0000E+DQ
Q.CO0RE+0Q

Q.0000E+0D

Q. 0000E+00
0.Q000E+QD

0. 0GOQE+QQ
©.000DE+D0D

Q. COCOE+QD
0.C00DE+0D

COQQE+QQ 0.

0.0000E+00 0. GO0DE+00

OOCDE+D0 O.0000E+00 0. GODDE+D0 0. DOOOE +00

Q.000QE+QD O.000DE+OQ

©. ODODE+D0

D.DDODE+00

0 O0COE+00 D COCGE+0Q

0.0000E+00 O.CO0QE+0D

Q. OOOOE+GO 0. 00DOE+00
0.0000E+00 O.0000E+0Q

o COQOE+00

0. 0000E+Q0

Q. COQCE+00 O.0000E+0Q

.000DE+Q0 0.0000E+00 0. O000E+00 0.00C0E+D0 0. 0D00E+D0 O.0000E+00
-00CDE+C0 O.O00Q0E+00 0.00D0E+Q0 0.0C00E+00 O.COGOE+DD 0.0000E+00 0.00DOE+00
.O00DE+00 O.000DE+00_0,COROE+QD O.COOCE+CO O.CO0CE+00 0.0000E+C0 0.0000E+00

0. 0000E+Q0
C.0000E+00

C©.0000E+0OD O.ODODE+DD

0.COGQE+CD 0.00QCE+HQD

-Q0CCE+00 0. OO00E+00 D.00DCE+CO O.COCODE+CD 0.0Q00E+0D 0, Q00DE+QD 0.0000E+Q0
0. O00OE+D0

d. Continued

Figure C-1. Continued.
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PROJECT: B30098 DATE- 89/¢a/25
GROUP:  RUNNAMES TIME: 15:28
TYPE: DATA FAGE: &

START
COL -——-—#----f----%----Q=- -#=---F----Fommcdromabr- - Geeerd----B----de--cJr-=-k-c- B

1 O.DO00E+C0 0.0000E+(G0 0. O000GE+00 ©.0000E+00 O.0G000E+00 0.0OCDE+00 O QOO0E+00
1 0.0000E+00 0.0000E+0C O.OCOQE+CO 0.000GE+00_0.4000E+01 0O.0DOOE+00 0.0000E+00
1 0.00D0CE+00 0. O0000EFD0 ©.ODD0UE+00 U.0D00E+00 0.0000E +00 0. 0000E+00 0.0000E+00
1 0.000QE+00_D.OQOCE+00 0. QODCQE+Q0 . 0000E+30 0. 0000E+00 0. 00005400 0. OO00E+Q0
1 0O.00DCE+DO O.OO0OCE+D0 D.GOOCE+QG ©O.0DGOE+00 0.00D0E+00 O.00N0E+DD §.CDS0E+00
1 0.0000E+00 0.Q000E+D0 O.0C00E+00 O.0D00E+0D ©.00C0E+O0 O.0000E+00 O.0000E+00
1 0.0000E+00 0.0000E+CD O, 2400E+02 ©.000QE+CD ©.CO00CE+O0 O.O0000E+00 O UCCGOE+U0
1 0.GQ00QE+00 Q.000QE+OD 0.CO00E+00 O.000QE+CD O.COCCE+00 O.0000E+00 O.CODQE+QD
1 O.DCOOE+00 0.0CD0E+DO O.0000E+G0 O.00CO0E+C0 O.CCODE+0D 0.000DE+00 O.CO0CE+CO
1__O.O000E+00 O.00C0E+00_ ¢.O0D0E+0D O.00COE+DO O.0CO0E+00 O OOOOE+00_O. ODDCE+CD
17 G.O000E+00 0. 0000E+00 ©. O0GUE+QD O.0COCE+OD 0. OODOE+0C U.COUOE+00 O.O0DOOE+00
1__0.0000E+00

&7 ALPHA
1 CA

67 Y]

45 cY

ET] CLL CLM CLN

12 BETA

d. Continued
Figure C-1. Continued.
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PROJEST: B3CG98 ) DATE: &8/0d4/25
GROUP: _ RUNNAMES TiME: 15:2B
TYPE: DATA PLCE: &
START o
GOL ---—4----{----d--- - -4----3 -t ----A-cred----Bo-"de-wifecm-fom—=Te-c-4o==-8
d. Continued
Figure C-1. Confinued.
PROJECT: B3009E DATE: R9/G4725
GROUP: _ RUNNAMES TIME: 15-28
TYPE: DATA PAGE: &
START
(ol L L L e e P e e e e L T T TS e peyny, pupupupgr abipnguint -
€7 . ALPP
1 CAT
&7 CNA
45 CYA
34 CLLA CLMA CLNA
12 BETA

d. Continued ‘
Figure C-1. Continued.
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PROJECT: B30098
RUNNAMES

GROUP :

DATE: 89/0a/25

TIME: 15:28
TYPE: DATA PAGE: 7
START —
COL  ---dmeo- ) cede oD} e B k- g ¥ - Brnui4 - fe-cF---=F----F----B
7 27 24 21 1B
7 27 i3
T 27 25
7 27 12
7 24 9
7 21 [
7 18 3
7 27 25
7 24 22
T 21 18
7 18 16
7 27 24 21 18
7 37 12
7 27 25
7 27 12
7 24 9
7 21 [
7 18 3
T 27 25 -
7 24 22 '
7 23 ia
7 18 16
1t _ALPP PHI DELTAQ DELTAP DELTAR _ CLMA CLLA CLNA
1 CNA CYA CHM1 CHMZ CHM3 CHE4
d. Concluded

Figure C-1. Concluded.
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APPENDIX D
EXAMPLE OUTPUT

This appendix provides an explanation of the output from the three-axis trim option for
the example case used in Appendixes A through C.

The initial output from the analysis program is a print of the axis system chosen for input
data. The inputs for each data manipulation option are printed for verification by the user.

Beginning with the page numbered 1 (upper right corner of the page), the program prints
the results of the data manipulation options, The variables printed are those entered under
‘! #** VARIABLE NAMES FOR PRINTOUT ***'* in Table B-8, Each run in both the Group
A and Group B data is printed. Any runs duplicated in the entries in Tables B-6 and B-7
will also be duplicated in the printout, The runs are printed in the order entered.

Following the print of the data manipulation results, any diagnostic messages from the
three-axis trim option are printed. In the example case the estimated pitch deflections for
trim at 8- and 24-deg angle of attack were not bounded by experimental data. These messages
may be verified by examination of the input data plot of Fig. B-1a.

The summary of three-axis trim results is printed after the diagnostic messages. The
summary does not include independent variable values at which the iteration failed. Therefore,
angles of attack of 8 and 24 deg do not appear in the example output. An asterisk(*) at any
line indicates a problem occurred during the iteration at that independent variable value.
The problem will be identified in the diagnostic messages. The variables printed are the same
as in the data manipulation results, except the variables that are not test conditions have
“T** appended to the name to indicate trim values.

The final page of output from the three-axis trim option is a list of angles of attack where
either the maximum pitch-only deflection (first run entered) or the minimum pitch-only
deflection (last run entered) crosses 0 pitching moment. The list identifies local minimum
and maximum angles for trim and is useful in determining at what values the trim program
should succeed. Because this list is based on pitch-only deflection data, these points are not
three-axis trim points.
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v+ DRIGINAL TEKPLOT DATA 1S IN MISSTLE AXIS wwe

=os INDEPENDENT VARIABLE RANGE +++

ALPP
MINIMUM = 0.0000; MAXIMUM = 24 0000: DELTA = 4 0000
GETA:
MINIMUM = 0.0000; MAXIMUM = 0.0000; DELTA = 10 0000

_EXTRAPOLATION OPTION-
NO EXTRAPOLATION BEYOND ACTUAL DA

EXAMPLE CASE

RUN NUMBER 27 PAGE
ALPP PHL DELTAQ DELTAP ~ DELTAR CLMA CLLA CLNA CNA CYA CHMA1 CHMR
0. 00000 0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 0.00182 0,00206 -0.0010B  0.00150  ©.CCOCO
4 . 00000 0.00000 _0.00000___Q.00000 0.00000 -1.00000 0.00000 __0.12160  0.70042 -0.07209  0.00ISC_ -0.00105
8. 00000 0.00000 ©.00G00 0.00000 0.00000 -2 00000 0.00000 0.24358 7 '1.3885% -0.14a37 0.0015C -0.00209
12. 00000 0.00000  0.00000___ 0.0000C  ©.0000C  -1.00000  0.0000C_ 0.36487 _ 2.05054  -0.21630  0.0015Q0 -0.00312
18 00000 0. 00000 Q. 00000 Q. 00000 0.00000 Q. 00000 0.00000 0.48287 2.687146 -D.2B626 0.00150 -0.00413
20. 00000 0. 00000 0. 00000 0. 0000 0.C00C0  -1.00000 0. Q000 __D.59493 3.23736 _-0.35269 0.0015C -0.00513
2400000 C.00000 ©.00000 0.00000 0.00000 -2.00000 0.00000 0.69864  3.73585 -0.41416 0.00150 -0.00610
ALPP CHM3 CHM4
0.00000 0.00000  -0.0Q150
4 . 00000 0.00000  -0.00101
B. 00000 0.00000  -0.DG053
12. 00000 0.00000 -0 00004
16 00000 0.00000  0.00043
20. 00000 0.00000 _ 0,00089
2400000 . Q0000 0.00135

0l-68-H.1-003y
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EXAMPLE CASE

RUN NUMBER 24 PAGE
ALPP PHT = =~ " DELTAQ DELTAP DELTAR CLMA CLLA CLNA CNA CYA CHM1 CHM2
0. CUODG 0.00000 -10.00000 0.00000 0.00000 "0 50000 © 00000 0.00193 -1 49794 -C.00108  0.00150 -0.20000 )
______4.0000C 0.00000_-10.00000  0.C0000___ Q.00000 =-0.50000 O O000Q__ O, 128BB1_ -0.79958 -0.07200 0.00150 -0.20105
8.00000 C.00G0a - 10.00000  0.00000 0.0GJ0G0  -1.80000 0.00000 O.2G578R -¢.1i1a8 -0, 14437  0.00150 -0.20308
12. 00000 ©.00000 -10.0000C  0.00000  0.00000_ -0.50000 O©.00000 __ 0.38651 _ 0.55054 -0.21630 _0.00150 020312
18 GOU00 G.00600 -14. 00000 0.00000  0.00000  0.50000 0.00000  0.51180 7 771. 17148 -0.28626 0.00150 -0 20413
20.00000 0.00000 -10.0000C  _ 0.C0000  0.C0000 -0.50000 0O U0000  ©0.63020 1.73736_ -0Q.35260 0.0015Q0 _0.20513
24 . 00000 6.00000 -10.00000 ~ 0.00000  0.00000 -1.50000 0.00000 O 74006 2.23585 -0.41416 0.00150 -0.2061C
- ALPP CH_IiZ-E. T 'ﬁmn Tt T/ - - )
0.0a000 0.00000 -0.20150 = T ’
4. 00000 0.00C00 _-0. 20109 _ — )
3. D000 C.000K0 -0.20053
12.0000C _ ¢.00c00 -0.20004 e e e . —_—
16. 00000 0.00000 -0. 19957
20. DOO0OD 0.00000" -0,19911 . ) _ . o
24, BAOCO 0.0C000 -0. 19866
EXAMPI F CASF
- - — " AUN NUMEER a1’ - "PAGE
ALRP PHT GELTAD DELTAP DELTAR CLMA TLLA €LNA CNA TYA CTHM chM2
0.0c000 ‘0.00000 -320.0000C  0.000C0  0.000CU 1.00000  0.00000 0.00204 2.98784 -0 OOIOR  0.00150 -0 40000
4.00000 0.00000 -20.00000 0.000D0  0.00000  0.COODO_ 0.00C00 Q. 13601 -2.29958 -0 O/209__ 0.00150 _-0.40105
8, 00000 ©.00000 -20.00000 0.00000 © O0OQD - 1.000D0  O.00000  0.2/242 -1.61149 -0.14437 ©.00150 ~ § 30309
12.00000 0.00000 -20.0000C. 0 00000 0.00000 0.00000  O.00000 _ 0.40R14  -D.948546 -0.21630_ ©.00150 -0.40312
16, 00000 0.00000 -20.00000 0.00000 0.00000 1.06000 0.00000 0.54012 -0.32854 -0.28626 ©.00150 -0.40413
20. 00000 ©.00000 -20.00000 _ 0.C00C0  0.00000 0.00000  0.00000__ 0.66547 © 23736 -0.39269__ 0.00150 -0.40513
2400000 ©.00000 -20.00000  0.00000 O.00000 -1.00000 O.00000 O.78147 ©.73585 Q.41316 0.00150 -0 40610
7 ALPP Tz CHMA - ) * T
~0. 00000 C.00000  -0.40150 B )
4.00000 ©.00000 _-0.4010%1 o
E . 00000 £.00000 -0.40053
12. CO000 C.O0000_ -0, 40004 _ )
6. 00000 ©.00000 -0, 39357
_20.00000__ 0.00000  -0.39911 B
. 00000 0.0000G -0, 39865

O1-68-H1-0qQ3v
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EXAMPLE CASE

RUN NUMBER 18 PAGE
ALPP PHI DELTAG DELTAP DELTAR CLMA CLLA CLNA CNA €Ya CHMT CHN2
C.00000 Q.00000 -35.00000 G.00000 ©0.00000 7.7500C 0.00000 0.00230 -5.24794 -0.00108  0.00150 -0. 70000
4. 00000 0.00000 -35.00C00 0.00000 0.00000__ _0.75000 0.00000  0.14683 -4.54958 -0.07209 _ 0.00150  -0.7010%5
8.00600 0.00000 -35.00000 0.00000C C.00000 -0.25000 0. 0,.29407 -3.86149 -0.14437 0.00150 -0.70209
12.00000 0.00000 -35.00000  0.00000_  0.00000 _0.75000 0.00000 0.44058 -3.19946 ~-0.21630 0.00150 -0.70312
16.00000 0.00000 -35.00000 ©.00000 ©.00000  1.75000 0.00000  0.58306 -2.57854 -C. 28626 O.0015C -0.70413
20, 00000 0.00000 -35.00000 0.00000 0.00000  0.75000 0.00000 0.71837 -2.01264 -0.35269 ©O.00150 -0.70513
24 00000 0.00000 -35.00000 0.00000 0.00000 8738000 O©.00000 0.64360 -1.51415 -0.41416 0.00150 -0.706%0
ALPP CHMZ CHM4 T
0. 00000 0.00000 -0.70160 -
4.00000 0.00000  -0.70101 .
8. 00000 0.00000 -0.70053
12. 00000 0.00000 -0, 70004
16. 00000 0.00000 -0.69957
20. 00000 0.00000 -0.69911
24 . 00000 0.00000 -0.69865
EXAMPLE CaSE

) " 'RUN NUMBER 77 PAGE
ALPP PHI DELTAR DELTAP DELTAR CLMA CiiA CLNA CNA CYA CHM1 CHMZ
©.00000 0.00000 ©0.00000 O0.00000 0.00000 0.00000 0,00000 0.00182  0.00206 -0.00108 0.00150 0.00000
4. 00000 0.00000 ©0.00000 0.00000 000000 -1.00000 0.00000 0.12160 0.70042 -0.0720% _ 0.00150 _-0.00105
B.0D000 0.00000 ©.00000 0.00000 O0.00000 -2.00000 0.00000 0.24354 1.3BBS1 -0.14437  G.00150 -0.00Z00
12 . 00000 0.00000 _ 0.00000 0.00000 0.00000 -1.00000 0.00000 0.364B7 2.05064 -0.21630  0.00150  -0.00312
16 . 00000 0.00000 0.00000 0.-CC00C 0.00000 0.00000 0.00000 O.482B7 2.67146 -0.2B638 O.00150 -0.00413
20. 00000 ©.00000 0.00000 0.00000 0.00000 -1.00000 ©.00000  0.59493 3.23736 -0.35269  0.00150 -0.00513
24, 00000 C.0000Q 0.00000 0.C0000 O0.000C0 -2.00000 ©.00000 0©.69864 J_73585 -0.41416 0.00150 -0.00810
ALPP CHMZ CHMA
0. 00060 0.00000 -0.00150
4. 00000 0.00000  -0.00101
2. 00060 0.00000 -0, 00053
12. 00000 0.00000  -0.00004
1600000 0.60000 ©,00043
20. 00000 0.00000  ©0.00089
14, 00000 0.00000 ©.0013S

Q1-68-41-203v
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EXAMPLE CASE

RUN NUMBER 12 PAGE [}

ALPP PHI BDELTAQ DELTAF DELTAR CLMA CLLA CLNA Cha CYA CHM1 CHM2

0.00000 0.00000 0.00000C -5.00000 0.0O000  0.00000 -0.25000 ©.0186% 0.G1324 -0.01408° "0.10156 ~ -0.10000~ ~
4. 00000 0.00000 0.00000 -5.00000 Q.00O00  -1.0C0000  -0.25000  ©.13847  0.71160  -0.08209 0. 1015¢_ -0.10108
8. 00000 0.00000 0©0.00000C -5.00000 O.00000 -2.00000 -0.25000 0O.26041  1.39969 -0.15437 0.101%0 -0.10209

12 . 00000 0.00000  0.0000C  -5.00000  0.00000 -1.00000 -0.25000  ©.38174 _2.06172  -0.22630 _ 0.1045C_ -0.10312
16. GO000 0.00000 0.00000 -5.CO0D0  Q.00000  0.00000 -9.26000 ©.49374  7.68264 -0.296325 Q.1Q150 -0.10413

20. 00000 0.000C0  0.0000C _-5.00000  0.CDOCO  -1.00000 -0.25000  O.61180 3.24854 -0.36269 0.1015¢ -0.10513
24,00000 0.00000 0.00000 -5.00000 0.00000 -2.00000 -0.75000 O.71881 3.74702 -0.42416 0.10150 -0.10610

ALPP CHMA CHM3 T e e T T

0. 00000 -0. 10000  ©.09850 - - -0

4.00000 -0.10000  0.09899 e _ _
a.00000 -0. 10000 0.09947

12, 00000 -0.10000 0.099%95 . L _

16. 00000 -0. 10000 0.10043

20. 00000 -D. 10000  O.10089 _

24 00000 -0.10000 0.10135

EXAMPLE GAaSE
RUN NUMBER 27 - PAGE 7

ALPP PRI DELTAD GELTAP BELTAR TLMA TLLA CLHA CNA CYA CTHM1 CHMZ

0. 00000 0.00000  0.00000  0.00000 0©.00000- 0.00000 0.00000 0©.00182 0.00206 -0.00108  G.00150  0.00000
4.00000 0.00000  0.00000  ©.0D00CO  0.000D0  -1.00000  0.00000 ©.12160 0.70042 -0.07209 0.00150 -0.00105
a.00000 0.00000 0.00000 ©.00000 ©.00000 -2.00000 O.00000 ©.24354  1.38851 -0, 14437 0.00150 -0.00209

12. 00000 0.00000 __0.00000 _ 0.00000  ©.00000 -1.0000C  0.00000  0.36487 2.05054 -0.2163C  0.00150 -0 00312

16. 00000 0.00000  0.00000  0.00000 0.00000 0.00000 0.00000 ©.48287 2.67146 -0.28626 0.0015C -0 00413
20, 00000 0.00000 0.00000 _0.00000 0.00000 -1.00000 0.00000 0.59493 3.23736 -0.35269 0.0015C -0.00513
24 .00000 0.00000 0.00000  0.00600 0.00000 -2.00000 0.00000 0.69864 3.7358%  -0.41416 0.00150 -0.00610

ALPP CHM3 CHMA T T

0.00000 ©.0D000  -0.00150 o -

4. 00000 ©.00000 -0.00101 .

2. 00000 0. 00000  -0.00063

12.00000 ©.00000  -0.00004 o __
16.60000 ©.00000 0.00043
20. 00000 ©0.00000  0.000B9 ) —
24 00000 ©.CO00C ©.00135

01-658-H1-003Yv .
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EXAMPLE CASE

RUN NUMBER 25 PAGE 8
ALPP PHT DELTAQ DELTAP DELTAR CLMA CLLA CLNA CNA CVA CHR CHM2
6. 00000 0.00000 ©.00000 O©.00D00 -10.00000  0.00000  0.02000 -0.84660 -0.09794 ©.49892 -0. 19850 O.00000
4.00000 0.00000 0.00000__0.00000 -10.00000 -1.00000 _ 0.02000 -0.72611 _ ©0.60042 _ 0.432781 -0.18850 -0.00105
8. 00000 0.000C0 0, 00000 00A0D -10.00000 -Z.00000  0.02000 -0.6034G  1.28B51  0.35563 -0. 19850 -0.00209
12. 00000 0.00000  0.00000 000000 -10.00000 -1.00000 ©.02000 -0.48139  1,95054  0.2837Q0 -0, 19850 -0.00312
16. 00000 0.00000 0.0000C 0.00000 -10.6DO00  @.GO000D  0.02000 -0.36270 2.97146  0.21374 -0.19850 -0.00413
20. GOO0D Q.00000 0.00000 0.00000 -i0.00000 -1.00000 _ ©.02000 -0.24997  3.13736 __ 0.14731 -0.19850 -0.00513
14.00000 0.00000 000000 0.00000 -10.00000 -2.00000 0©.02000 -0.14565 3.63585  0.08584 -0.19850 -0.00610
ALPP CHM3 CHMA
0. 00000 -0,20000 -0.00150
4., 00000 -0.20000  -0.00101
8. 00000 -0.20000 -0.00053
12. 00000 -0.20000  -0.00004 )
16. 00000 -0 20000  0.00043
20. 00000 ~0.20000  ©.00089
24, 00000 -0,20000 0.00135

EXAMPLE CASE

RUN NUMBER 27 PAGE @
ALPP PHI BDELTAQ DELTAP DELTAR GLMA CLLA CLNA CNA CYA CHM1 CHEZ
Q. 00000 0.0000C ©.00000 ©.00000 0.00000 0.00000 0.00000 0.00182  0.00208 -0.00108 0.0D150  ©.00000
4, 00000 0.00000 ©.00000 0.00000 0.00000 -1.00000 _0.C0000  0.%2160 0.70042 -0.0720%9  0.0015Q0  -0.00105
8. 00000 0.000C0 0.00000 0.0000C 0.00000 -2.00000 ©.00000 O.24354  1.38851 -C.14437 0.00150 -0.00209
12, 00000 0.00000  0.00000  0.00000 0.00000 -1.00000 ©.00000 0.364R7__ 2.05054 -0.21630  0.00450 -0.00312
16.00000 000000 0.00000 G.00000 0.00000 ©.00000 ©.00000 O.48287 2.67146 -0.28626 0.00150 -0.00413
20. 00000 0.00000_  0.00000  0.00000  0.00000 -1.00000 0.00000 0.59493  3.237238  -0_365269 0.00I50  -0.008613
24 . 00000 0.00000 0.00000 0.00000 0.00000 -2.00000  0.G0000 ©.69864  3.73585 -0.41416 0.00150 -C.00610
ALPP CHM3 CHMA
0.00000 0.00000 -0.00150 T
4.00000 0.00000 -0.0010t
B. 00000 0.00000  -0.00053
12. 00000 0.00000  -0.00004 —
16. 00000 ©0.00000 0.00043
20. 00000 ©.00000  0.00089
24, 00000 0.60000 0.00135

OLl-68-H1-003v
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EXAMPLE CASE

- RUN NUMBFR 12 PAGE 10
ALPF PHI DELTAQ DELTAP DELTAR  CLMA CLLA CINA CNA CYA CHM 1 CHMZ
0.00000 0.00000  0.00000  -5.00000 0.00000  0.00000 -0.25000 0.01869 © 01334 -0.01108 ©.10150 -§. 10000
4.00000 0.00000  0.00000 -5.00000  0.00000 -1.0000Q _-0.26000 ©,13847 O.71160 -0.08209 ©0.10150 -0.10105
8 .505060 0.00000 0.00000 -5.00000 O. -2 0DOCC -D.25000 0. 26041 1.389G4 -0.16437 0.10150 -0.10208
12, QU000 0.00000  0.00000 -5.00000  0.00000 _-1.00000 -0.25000 0.38174 2.06172_ -0.22630 ©.10150 -0, 10312
16. 00000 0.0000C  U.00000 -b.00000  0.00000 O G0OC0  -0.25000 0.43974 2.G68264 -0.29625 ©.10150 -0.10413
20.00000 0.00000  0.00000 -5.00000_ 0.00000  -1.00000_ -0.25000 ©O.61180 3.24864 -0.36368 0.10160 -0.10513
24.Q0000 0.00000 0.00000 -5.00000 O0.0000C -2.00000 -0.25000 O.71951 3.74703 -0.4244§ ©.10%50 -0. 10610
ALPP EHM3 CHM4 B

G- 00000 -0.1000C  0.09850 - -
4.00000 -0.1000¢__ 0.09899 _ L _

B . Q0000 -0.1000C  0.09947

1200000 -0. 10000 _ 0.09995 ) .
16 . 00000 -0.10000 ~ 0.10043
20.00000 -0. 10000 0.10089 B _
2400000 -0.10000  D.10135

EXAMPLE CASE

- T RUN NUMGER 24 - PAGE 11
ALPP PHIL DELTAQ ~ DELTAP DELTAR TLMA CILA CLND CNA CYA CHM 1 CHM2
0. 00000 " TD.0000C -10.00000  0.0D000 O.00000 0.50000  ¢.00000 ©.00193 -1.49794 -0.00108 0.00150 -0.20000
4.00000 _0.00000 -10.00000 0.00000  0.00000 -0.50000_ 0.00000  ©.12881 -0.79958 -0.07209 0.00I1S0  -0.2010§
2. 00000 0.0000C -10.00000 D.COD00  O.00000 -1.50000 0.00000 0.75788 -0D.11149 -Q_ 14437 0.00150 -0.20209

) 12.00000 0.00000 -10.00000  0.00000 0.000D0_ -0.50000  0.00000 ©0.38651  0.55054 -0.21630 0.00150  -0.20312
16.GO000 0.00000 -10.00000 0,00000 ©.00000 O.50000 O.00000 0©.5%150 1.17146 -0.286826 0.0C0150 -0.30313
20. 00000 0.00000 -10.00000 _ 0.00000  ¢.00000__-0.50000  0.00000  (.63020 1.73736  -0.35269  0.00150 _ -0.20513
24, 00000 0.00000 -10.00000  0.00C00 0.C0000 -1.50000 0,Q0000 0.74006 2.2358% -0.41416 0.00150 -0.20610
ALPP k) cHMA . o7
0.00000 400000 -0.20150 .

4.00000 0.00000 _-0.20101 . _

2, 00000 0.000G0 -0, 20083

12.00000 0.00000  -0.20004 _

16 . 00000 0.00000 -0. 16857

20. 00000 Q. 00000 -0, 19911 _ _ )
24 . 03000 0.00000 -0. 19865

Q1-68-HL-D03v
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EXAMPLE CASE

7 RUN WUMBER 5 FAGE 12

ALPP PRI DELTAD BELTAP DELTAR CuMa T T TLLA CLNA CNA CTA CAM1 CHMZ

0. 00000 0.00000 -10.00000 -5.00000  ©D.GG0D0  0.50000 -0 25000 0.01980 -1.48676 -D.01108 Q. 10150 -0, 30000

4, 00000 » ©.00000 -10 00000 -S5.00000__0.Q0000_ -0.50000 -0.25000_ 0.14667  -0.78840 -0.08209 _0.10150 -0.30105

8. 00000 0.00000 -10.00000 -95,00000 O.CO000 -1.50000 -0.25000° 0.27385 -0.10081 -0.15497 Q. 10160 -0, 30209
- 12, 00000 0.00000 -10.00G0Q  -5.00000  0.000C0 _ -0.50000 -0.25Q00_ 0.40497  0.56172  -0.22630_ 0. 10150 -0.30312

6. DCo000 0.00000 -10.00000 -5.00000  (.00000 ©.5000C -0.26000 O.62937 1. 18264 -0.29625 0O.10150 -0.30413

20.00000 0.00000 -10.00000 -5.00000 _ 0.00000 _-Q.50000 _-0.25000 ©O.64807 1.74854 -0.36269 _0.10150 -0.30513

34, 00000 0.0000G - 10.00000 -5.00000 0.00000 -1,50000 -0.25000 0.75792 2.24703 -0.42416 ©0.10150 -0, 30610

ALPP CHAZ  GHM4 — - =

0. GDOOG +0.10006 -0.10150 o -

4. 00000 -0, 10000 _-0.1010% o i

8. 00000 -0. 0000  -0. 10053

12 . 00000 -0. 10000 . -0. 10004 . o

1600000 -0, 10000 -0.08957

20. 00000 -0.10000 _ -0.09911 _

24, 00000 -0,10000 ~0.08865

EXAMPLE cAasE
- RUN NUMBER ~ 21 - PAGE 13

ALPP PHI DELTAG DELTAP DELTAR CLMA CLLA CLNA CNA CYA CHM1 THMZ

0. 00000 ©0.00C00 -20.00000 0©.00000 O0.00D00 1.00000 ©.00000 0.00204 -2.99794 -0.0010B  0.00150 -0.40000

4. 00000 0.00000 -20.00000  0.00000_ 0.00000  0.Q0000 ©.00000_ O.13601 -2.29958 _ -0.072 0,.00150  -0.40105

8, 00CO0 ©.00000 -20.00000 0.00000 0.00000 -1.00000 O0.00000 0.27342  -1.61149 -O.14437 0.00%50 -0.30209

12. 00000 ©.00000 -20,00000 0.00000 $.00000 _0.00000___0.00000  0.40814_ -0.94946 -0.21630  0.00150_ -0.40312

16. 00000 0.00000 -20.00000 ©.000D0 Q.00000  1.00000  C.00000  0.54012 -0.a328564 -0.2BG26 O.00150 -0.40413

20, 00000 0.00000 -20.00000 __0.00000  0.00000 _0.00000_ 0.G0000  ©.86547  0.23736 -0.35269 ©.00150 -0.40512

24 . 00000 0.00000 -20.00000 ©.00000 0.C0000 -1.00000 0.00000 O.7E8147 0.73585 -0.4141& ©0.00150 -C.40610

ALPP CHM3 CHMA b -

0.00000 ©.00000 -0.4G150 i

4.00000 ©.00000 -0.40101

200000 0.00000 -0.40083

12.60000 0.00000 __-0.40004 i

16.00000C B.¢00G0 ~— -0.39957

20 . 00000 0.00000 -0.39911 _

2400000 0.00000 +0.308G5

01-68-H1-0d3y
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EXAMPLE CASE

RUN NUNBER 3 PAGE 14
ALPP PHI DELTAQ DELTAP DELTAR CLMA CLLA CLNA "TNA CYA CHM1 CHM2
0. 00000 o, 00000 -20.00000 - 5.00000  0.00000  1.000G0 -0.25000 0.02091 -2.98676 -0.01108 0.10150 -0.30000
4, 00000 0.00000 -20.00000 _-~5.00000 __0.00000___0.00000 -0.25000 ©O.154B8 -2.28839 _-0.03309 0.10130 -0.50105
. 00000 O 00000 —20.00000  -5.00000 — 0.00000 -1.00000 -0.25000 ©0.20128 -1.60031  -0.15437 0.10150 G.50209
12 .00000 0.00000_-20.00000 -5.00000  0.00000 _0.00000 _-Q,25000 0.42700 _-0.93828 -0.22630 0.10150 -0.50312
16 00000 D 000D -20 OUDOO  -5.00000  ©.00000  1.00000 -0.25000 0.65899 -0_31736 -0.29625 0.10150 -0.50413
2000000 0.00000 -20.00000 -5.00000  0.00000  0.00000 -0.25000 0.6B434 0.24854 -0.38268 _©.10150 -0.50513
24 00CO0 O 00000 a0 0D00GD 5.00000  0.00000 -1.00000  -0.35000  0.80034 0.74703 -0.42416 O, 10180 -0.50610
ALPP CHM3 CHWA -
0.90000 -0.10000 -0.30150
4,00000 _ -0.10000 _-0.30301 _ _ - . - —_ -
8.00000  -0.10000 -0.30053
12 . 00000 -0. 10000 __-0.30004 -
16 . 00000 -0. 10000 -0.29957
20. 00000 -0. 10000 -0.29911
24 . 00000 -0.10000 -0.39865
LEXAMPLE CA3E
- RUN NUMBER 8 T - PAGE ~ 15
ALPP PHI DELTAQ DELTAP DELTAR CLHA CLLA “TELNA CNA CYA CHM CHM2
0.50000 0.00D00 -35.00000 ©0.00000 ©.C0000  1.75000 ©.00000  0.00220 -5.24794° -0.00108 ©.00150 -0.70000
) 4.00000 _0.00000_-35.000C0  0.00000 _0.00000_  _©.75000 0.00000 0.14683 -4.549L8_ -0.07208  0.00150 -0.70105
8..00000 0.00000 -35.00000 0.00000 ©0.00000 -0.35000 © 0O0CO 0.294C7 -3.86149 -0.14437 0.00150 -0.70209
12.00000 0.00000 -35.00000  ©£.C0000 __ 0.00000 _ 0.75000 __0.00000 O.4405R  -3.19946 -0.21630 0.00150 -0.70312
16 . 00000 0.00000 -356.00000  ©0.00000 ©0.00000  1.75000  ©.00000 0.58406 -2.57364 -0.28636 0.D0iSC -0.70413
20, 00000 0.00000 -35.00000 _ 0.00000 _ 0.00000 _ 0.75000_ 0.00000 ©0.71837 -2.01264 -0.35269  0.00150_ _-0.70513
2400000 0.00000 -35.00000  ©.00000  C.00000 -D.25000 O.00000 0.84360 -1.51415 -0.41416 0.00150 -0.70610
ALPP CHM3 CHMA T
0. 00000 ©.00000  -0.70150 -
4 . 000GH C.00000 -0.70104
8.00000 C.00000 -0.70053
12 . HOO0H 0.00000  -0.70004 ..
16, 00000 6.00000 -0.69957 E—
20.00000 0.00000  -0.69911 } ) .
2400000 C.00000 -0.59865

OLl-68-HL-003v



EXAMPLE CASE

0l-68-41-0Q3v

RUN NUMBER 3 PAGE
ALPP PHI DELTAQ DELTAP BELTAR TLMA CLLA cLNA CNA CYA CHM 1 CHMZ
0.00000 C.00000 -3G.00000 -5.00000 ©.C0000  1.75000 -0.28000  0.02457 -56.23676 -0.01108 0.10150 -0.80000
4.00000  _ _©.000CO -35.00000  -5.00000 ©.00000 0.7 -0.25000 _©0.16720 -4.53839 -0.0B209 _ 0. 10150 -0.BO10S
8. 00000 0.00000 -35.00000 -5.00000 ©.00000 -0.35000 -0.25000 0.3i44d4 -3.85031 -0.15437  0.10150 -0,80200
12. 00000 0.00000 -35.0000Q0 -5.00000  ©.00000__ 0.75000 -0.25000  0.46095 -3, {B838 -0.22630  O.10150 -0.80312
16. 00000 0.00000 -35.00000 -5.00000 C.00000  1.75000 -0.25000 0.80343 -2.56736 -0.79625 0.10150 -0.80413
20. 00000 0.0D000 -35.00000 -5.00000 0.00000 _ 0.75000_ -0.25000 0.73874 -2.00146  -0.36269 _ 0.10150 -0.BOSiZ
24 . 00000 0.00000 -35.00000 -5.00000 0.00000 -0.25000 -0.25000  O.A6486 -1.50297 -0.424168 0.1Q160 -0.80610

8L

ALPP CHNA CHM4
0.00000 -0.10000 -0.60150 -

4.00000  _-0.10000 -0-60101 i

8 .00000 -0.10000 -0.60053

12.00000 -0.10000  -0.60004 _
16 .00000 -0. 10000 -0.59957

20 . Q0000 -0. 10000 ~0.59911

2300000 -0. 10000 -0.59865

EXAMPLE CASE
. T RUN NUMBER a7 TTT — ’ PAGE

ALPP PHI DELTAG DELTAF DELTAR ~~CLMA CLLA CINA~ CRa CYA THM 1 THMZ
0.00000 0.00000 0.00000 ©.00000 0.00000 0.00000 O 00000 ©0.D0VB2  ©.00206 -0.0010B ©.00150 ©.00000
4.00000 0.00000 __0.00000 __0.00000 _ 0.00000 _-1.00000  0.00000_ O 12160  ©.70042 -D 07209 0.00150  -0.CO105
8, 00000 0.00000 0.00000 O©.00000 Q.00000 -3.00000 0,00000° 0.24384  1.38851 -0G.14437 0 OD150 -0.00209
12.00000 0.00000 __ ©.000 0.00000 ©.00000  -1.00000  0.00000 __0.364B7  2.05054  -0.21630 _ 0.00150  -0.00312
6. 00000 0.00000 O©O.CO0D0 O©.00000 0-00000 ©0.00000 0O.00000 ©_482B7 2.671468 -G.28626 O 00150 -0 CDAIZ
20.00000 _ 0.00000 ©.00000 0.00000 ©.00000 -1.00000 0.00000  ©.58493 _ 3.23736 -0.3626% 0.00150 -0.00513
74 . 00000 0.00000 ©.00000 0.00000 ©0.00000 -2.00000 0O.00000 ©.63884  3.7368S -0.43418 0.00150 -0.00610
ALPP THM3 CHMa - -

- COo00 0.0000G -0.00150 0T -

4. OO0 0.00000 -0.00101

8. 00000 0.00000 -0.00053

12. 00000 0.00000  -0.00004 _

8. G000 ©.0000C ©0.00043

20, GOGOT ©.00000  0.00089

24 . DDO0G ©.C0000 0.00135
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EXAMPLE CASE

- RUN NUMBER 25 PAGE 18
ALPP PHI ~ DELTAQ DELTAP DFI TAR CLMA ™ CiCA ~ "T'CLNA ™ ~— CNA CYA CHMA CHMZ
0. 00000 0.00000 ©.COG00  0.00000 -10.00000 0.00000 0.02000 -0.J4660 -0.09794 0O 49892 -0.19850 0.00C000
4, 00000 0.00000 ©.00000 _ 0.00000 -10.00000 -1.00000__0,02000 -0.72611 0.60042  0.42791_ -0. 19850 -0.0010S
8,00000 0.00000 O.00000 0.00000 -10 ODDOD -2.00000° ~ 0.02000 -0.60945  1.38R51 0 25563 -0. 19850 -0.00209
12 . 000G0 G.00000 _0.00000___0.00000 -10.00000 -1.00000 _0.02000 -0.48139 1.95054 _ 0Q.28370 -0.19850 -0.00312
16 . Q0000 0.00000  0.00000 0©.00000 - 10 DODCCO  0.00000 0.02000 -0.36270° 2.57146 0.71374 -0.19850 -0.00313
20. 00000 0.00000 0.000C0  0.0000C_-10.00000  -1.00000 __0.02000 -0.24997 _ 3.13736__ 0.14731  -0.19850 -0.00613
24 . 00000 0. 00000 0. 0000 0. 00000 1000000  =-2.00000 Q.02000 -0. 14565 F.63585 0_0DAGA4 =0_198%0C -0.,.00610
T ALPP ChHM3 CHM4 - -
0. 00000 —0. 70000 -0.00150 — T -
4.00000 =0.20000 -0.Q0101 e _
B, 00000 -0.20000 -0.00053
12.00000 -0. 20000 -0.00004 _ L e .
16, 00000 -0.20000° ©0.00043
20. 00000 -0. 20000  0.00089 . e
24, 00000 -0.20000 0.00135
EXAMPLE CASE
- - RUN 'NUMBER 23 PAGE = 19
ALPP PHI DELTAD DELTAP DELTAR CLMA CLLA™ " CLNA CNE CYA “THMY CHM2
0. 60000 0.00000 -~10.0G000  0,.00000 0.00000  0.50000 ©.00000 C©.00193 -1.45704 -G.00108  0.00180 -0.20000
4. 00000 0.00000 -10.00000 __ 0.00000 ©0.00000  -0.50000 0.00000 ©.12881  -0.79958 -0.0/209__ 0.00150 -0.20108
8.00000 0.00000 -10.00000 ~ ©0.00000 0.00000 -1.50000 0.00000 ©.25798 -G.11149  O.14437 0.00150 -0.20209
12.00000 0.00000 -10.00000  0.00000 _0.00000 -C.50000 0.00000__ O 38651 _©Q.55054 -0.21630_ _0.00150 _ -0.20312
16 . 00000 ©.00000 -10.0000Q0 ©.00000 O OQGO0 ©.S0000 0.00000° 0.51150  1.17+46 -0.28626 ©.00150 -0.20413
20, 00000 ©.00000 -10.00000 _ 0.00000 ©.00000  -0.50000 _0,00000 0.63020_ _ 1.78736 -0 AS768 _ 0,00150 _-0.20513
2400000 ©.00G00 -10.00000 ©.00000 0.00000 -1.50000  0O.00000 O.74006  2.23585 -0.41416  0.00150 -0 20610
ALPP CHM3 CHM4 - = - -
0. 00000 0.00000 -0,20150 )
4.00000 0.00000 -0, 20101 i _ _
8, 00000 0.00000 -0.20053
12. 00000 0.00000 -0.20004 . i
16. 00000 0.00006 -0 18957
20. 00000 0.00000 -0.19811 . . _
24, 00000 0.00000 -0.19885

O1-6B8-H.L-003V
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EXAMPLE GASE
"TRUN NUMBER 22 PAGE 20
ALPP PHI DELTAD DELTAP  DELTAR ~— CLMWA CLLA CLNA  CNA CYA CHM 1 CHM2
0.00000 0.00000 -10.00000 ©.00000 - 10.00000 ©.50000 0.02000 -0.89849 -1.59794 0O,49892 -0.19850 -0.20000
4.00000 0.00000 -10.00000  ©.00000 -10.00000  -0.50000 . -0.80958 _ .4279% -0.19850  -0.20105
8.00000 0.00000 -10.00000  O.C0000 -10.00000 - 1. 50000 0 21149  0.95563 -0. 19850 -0.20209
12, 00000 0.00000 - 10.00000_ ©.00000 -10.00000  -0.50000 _0.02 . -0,508 0.45054  0.28370 -0.198S0 _-0.20312 _
16.00000 0.00000 -10.00000 ©.00000 -10.00000 0.50000  0.02000 -0.38407 1.07146 0.21374 -0.198%0 -0.20413
20.00000 0.00000 -10.00000  0.0000C -10.00000 -0.S0000 _ 0.02000 -0.26470  1.63736  0.1473%1 -D.19850 -0.30513
24 . 00000 0.00000 - 10.00000  U,00000 -10,00000 -1.50000 0.02000 -0.15824 2.13585 0.0B584 -0, 19650 -0, 20610
ALPP GHMI GHM4 T
0. 00000 ~0.20000 -0.20150
4, 00000 -0.20000 -0.20101 .
B .00000 -0.20000 -0.20053
12. 00000 -0.20000  -0.20004
16. 00000 -0_20000 0. 19957
20. 00000 -0.20000  -0. 19911 _
24. 00000 -0. 20000 -0, 19865
EXAMPLE CASE
RUN NUMBER 21 PAGE 21
ALPP PHI DELTAQ DELTAP DELTAR =~ GLMA CLLA CLNA CNA CYh CHE 1 CHM3 —
- 0.00000 0.00000 -20.00000  0.00000  0.00000  1.00000 0.00000 0.00204 -3.88794 -0.00108 0©0.00%50 -0.40000
4. DOOCD 0.00000 -20.00000 __0.00000 ©0.00000__ G.00000  0.0000C  0.13601 -2.29958 -D.0720% 0£.00150 -0,40105
B . DOOOD 0.00600 -20.00000  ©.00000 0.00000 -1.00000 0.0000C 0.27242 -1.61149 -0_14437 ©.0015¢ -0.40209
12.00000 0.00000 -20.00000 _©.00000  0.00000 _ O.00000  0.00D00  0.40814 -0.94946 -0.21630 ©.0015C -0.40312
16. 00000 0.00000 -10.00000  ©.000D0  ©.00000  1.00000 0.00000 0.54017 -0.32854 -0.28626 0.0C0150 -0.40413
20. 00000 0,00000 -20,00000  ©.00000  0.00000  0.00000  0.00000 0.66547  0.23736  -0.35269  0.00150 -0.40613
2400000 0.00000 -20.0000C  C.00000  0.00000 -1.00000 0.00000 0.78147 0.73585 -0.41416 0.00156 -0.40610
ALPP CHM3 CHMA i i
0. 00000 0.00000 -D.40150 - -
4. 00000 0.00000 -0.40101 )
B. 00000 0.00000 -0.40053
12, 00000 0.00000 -0.40004 —
18. 00000 0.00000 -0.39957
20. 00000 0.00000  -0.39814 ;
24 Q0000 0.00000 -0, 39865

OL-68-4L1-DQ3Yv



EXAMPLE CASF

"RUN NUMBER 19 PAGE 22
ALPP PHL DELTAQ DELTAP DELTAR CLMA CLLA CLNA “CNA CVA CHM1 “ThM2 T
©. 00000 0.0000C -30.00000 ©.00000 -10.00000  1.00000  0.02000 -0.94638 -3.03794  0.49892 -0.19850 -0.40000
4. 00000 0.00000 -20.00000 0.00000 -10.00G00 ©.0D000__0.02000__-D.81170 -2.39958  _ ,42791 -0.1985Q0 -0.40105_
3.00000  0.00000 -20.00000 0.00000 -10.00000 -1.00000 0.02000 -0.67457 -1.71149 0.35563 -0.19850 -0.40209
12, 00000 0.00000 -20.00000 _ 0.00000 -10.00000  ©.00000 _ 0.02000 -0.53813_ -1.04846  0.28370 -0.19850 -0.40312
18. 00000 0.00000 -90.00000  0.00000 -10,00000  1.00000 0.02000 -0,4064% -0.42854 0.31374 -0.19850 -0.40413
20.00000 0.0UD0C -20.00000 _ 0.00000 -10.00K0 _ ©.00000  ©.02000 -0.27944 _ 0.13736 0.14731 __-0. 19850 -0.40513
4. 00000 0.00000 -20.00000 ©.00000 -10.00000 -1.00000 0.02000 -0.16282 0.63585 0.08584  -0.19850 -0_408iIQ
ALPP CHM3 CHM4
- G. 00000 -0.30000 -0.40150
. 4.00000 -0.20000  -0.40101
8.00000 -0.20000 -0.40053
. 12.00000 -0.20000 __ -0.40004 — o . _— . —
16, 00000 ~0. 200007 0.39857
20, 00000 -0.20000__-0.39911 i o . } )
14, 00000 -0.20000 -D.39865
[~ -]
poat
EXAMPLE CASE
RUN NUMBER 1 I e T ) PAGE ~ 23
ALPP FHI DELTaQ DELTAP DEL 18R CLMA™ = CLtA CLNA CNA CYA CHM+ Mz T T T
0.00000 D.CO000 -35.00000 ©.00000 C.0DDOD  1.75000 0.00000 0,00220 -5.24734 -0.0010B  0.00150 -0.70000
4, 00000 0,00000 -35.00000 _ 0.00000 0.0000D __ 0.75000  0.00000  0.14683  -4.54958 -0.07209 Op15Q0_ -0.70105
8.00000 0.00000 -35.00000  ©.00000 0.00000 T-0.35000 0.00000 0.29407 -3.86142 -0,14437 0.00150 -0.70209
12, 00000 0.00000 -35.00000  0.00000 __0.Q0D0D__0.75000  0.00000 0.44058_ -3.19946 -0.21630 0.00150 -0.70312
16, 00000 0.0000C -35.00000 0.00000  ©,00000  1.75000 0.00000 0.58306 -2.57854 -0.28626 0.00150 -0.70413
__ __20.00000 0.00000 -35.00000__©.0C000 _ 0.0000C  0.75000 0.0C000  O0.71837  -2.01264 0.35268  0.00150 -0.70513
24 00000 0.00000 +35 00000  0.00000 0.00000 -0.25000 0.60000 0,.84360 -1.51415 -0.41416 0.00150 -0.70610
ALPP CTHM3 cHd -t T - - T
— T ©.00000 0.00000 -0.70150 T
4.00000 0.00000  -0.70101 . o
3. 00000 0.00000  -0- 70063
1200000 0,00000 _ -0,70004 A _ o
16. 00000 0.00000 -0.68057
2C. Q0000 9. 00000 -0.69911 . o
T4, 00000 0.00000 -0.69865

OL-68-41-003v
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EXaMPLE CasE

TRUN NUMBERT - T 18 PAGE 74
ALPP PHI DELTAD DELTAP DELTAR TLMa CLLA CLN& CNA cva CHAM 1 THMZ
T 0.0DOGT 0.00000 -35.60000  O.00000 -10.00000  1.75000 ©0.02000 -1.02122 -5.34794  0.49892 -O.19850 -0.70000
o 400000 ©.00000 -35.00000  0.0000Q -10.00000 0.75000  Q.02000 -0.87588  -4.64958  0.42791  -0.19450 -0.70105
8.00Q0C ©.00000 -35.00000  0.00006 -10.00000 -0.25000 0.02000 -0,72782 -8.86149 O 35563 -0.19850 -0.70209
__ 12.00000 ©.00000 -35.00000___ 0.00000 -10.00000 O 7S0Q0 _ ©.Q2000 -0.58069 -3.29946  0.2Z8370 -0.19850 -0.70312
1600000 C.00000 -35.00000 O,CO000 -10 00000  1.75000 0.02000 -0.43751 -2.67854 0.21374 -0.19850 -0.70413
. 20.00000 ©.00000 -35.00000  0.C0000 -10.00000 0.7500Q_ _0.02000  -0.30153  -2.11264__ 0.14733__-0.19850 -0.70513
24_00000 0.00000 -35.00000 Q.COQ0C -10,00000 -0.25000 0.02000 -0.17569 -1.61415 0.08584 -0. 19850 -0.70610
ALPP CHHZ CHM4
0.00660 -0. 20000 -0.70150 T ot T
4. 00000 ~0.20000 -0.70101
8. 00000 -0. 20000 -0.70053
12.00000 -0.20000  -0.70004 ——
1600000 “0. 20000 -0.698567
20 . Q0000 -0.20000 -0.89911
2400000 -0.20000 -0.69BB5

DATA DDES NOT SOUND DELTA O PRIME AT POINT

GOTO NEXT POINT

ALPHA VALUE OF 8.0000C000

DATA DOES NOT BOUND DELTA O PRIME AT POINT

_GOTO _NEXT POINT

ALPHA VALUE OF

24 . 0000000

01-68-H.1-0Q3av
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fRIM-30 OPTIDN

ALPP PHI DELTAQT _ DELTAPT__ DELTART _ _CLMAT CLLAT CLNAT CNAT CYAT CHMAIT CHM2T
— 0_Co0e 0.00000 0.00000 -0.00150 -0.02154 _ ©0.00000_ -0.QC003 0.00000 0.0018%5  -0.00Q00t _0.00110  -0.00003

4., 00000 0.0000C -20.00128 -0.07D05C -1.43836 0.00010 -D.0D0GS -0.000CT -2 34410 -0.000371 -0.02BEG -0.40250

12, D000 0.00000 -20.00487 -0.18412  -4,32131 0.00025 -0.00056  -0.00Q08  -0.99301 -0.00061_ -0.08124 -0 40690

16 . 0OO0O0 0.00000 O.QQE58 -0.24a538 -5.72088 -Q.00031 -0.00083 -0.00002 2.61578 -0.0007C -0.10801 -0.00891%

_20. 00000 0.00000 -20.00177 -0.29440 -7.05484 ©.00009 -0.00061 -0.00003 _ 0.16720 -0.00053 -0.13371  -0.41105

ALPP CHM2T CHM4T . -

©. 00000 -0.00046  -0,00147

4, 00000 «G.03D18 -0.39964

12 . 00000 -0.09011_ -0. 39646 _

16, 000CO -0._ 11832 0.00547

20 . 00000 -0, %4698 -0.39325

PITCHING MOMENT IS Q.0 ON FIRST OR LAST

PITCH DEFLECTION CURVE AT

ALPHA= 7.0000019 % CONTROL DEFLECTION= -35.0000000
ALPHA= 9. 80000000 CONTROL DEFLECTION- -35.0000000
ALPHA= 23. Q000000 CONTROL DEFLECTION- -35.0000C00

Cl-68-H1-0d3v



AEDC-TR-83-10

ALPP

BETA

CHMn

C;, CLL, or CLLA
Cm, CLM, or CLMA
Cn, CN, or CNA
Cps CLN, or CLNA
G

Cy, CY, or CYA
DELTAP
DELTAPT
DELTAQ
DELTAQT
DELTAR
DELTART

L

NOMENCLATURE
Angle of attack, deg
Angle of sideslip, deg
Control surface hinge moment for panel n, n = 1 through 4
Rolling-moment coefficient
Pitching-moment coefficient
Normal-force coefficient
Yawing-moment coefficient
Generalized aerodynamic coefficient
Side-force coefficient
Equivalent roll control deflection angle, deg
Equivalent roll control deflection angle at trim, deg
Equivalent pitch control deflection angle, deg
Equivalent pitch control deflection angle at trim, deg
Equivalent yaw control deflection angle, deg
Equivalent yaw control deflection angle at trim, deg

Derivative of rolling moment with respect to a control deflection,
per deg

Derivative of pitching moment with respect to a control deflection,
per deg

Derivative of yawing moment with respect to a control deflection,
per deg

84



AEDC-TR-8B-10

PHI Roll angle, deg

Po Qu Ry Specific value of roll, pitch, or yaw deflection angle, respectively;
n=1213,.,,

A Difference between two values

d Equivalent control surface deflection, deg

SUBSCRIPTS

| Current value

P Equivalent roll deflection

Q Equivalent pitch deflection

R Equivalent vaw deflection

trim Parameter value at trim condition
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